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ABSTRACT

A program designed to numerically integrate the equations of motion of an
artificial earth satellite is described. The method used is the Cowell predictor-
corrector process with a local error control which is based on a variation of
order and/or stepsize during the integration, as described in Velez, C. E.,
"Local Error Control and its Effects on the Optimization of Orbital Integration,'
NASA X-553-67-366. The effects of such controls on the integration are dis-
played in the form of a resume which includes computer timing data, a stepsize
distribution analysis, and a propagated numerical error estimate. In addition,
an option to numerically integrate in multirevolution steps is described.
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I. DESCRIPTION

In the computation of orbits of artificial earth satellites by numerical inte-
gration, advances in the theory of perturbations have led to the use of more
complex force models and have resuited in the need for more efficient integra-
tion techniques. On the other hand, the availability of highly accurate tracking
systems has increased the need for correspondingly accurate numerical
processes.

The program to be described is the result of an investigation into numerical
integration methods as applied to the calculation of orbits. In particular, the
program is designed to examine how controlling the local error affects the effi-
ciency and accuracy of the process.

The numerical integration method considered is the multi-step technique
using the well-known "summed" form of the Adams~Cowell formulas.* During
this process the local error is controlled (restricted) by variation of the parame-
ters p and h, the order and stepsize associated with these formulas, Variation
of the stepsize and/or order is governed by specifying a set of error tolerances
or upper and lower bounds on the order. (See Section IV.)

The effects of such control on the integration are displayed in the form of
a resume which includes timing estimates, a stepsize distribution analysis and
a propagated numerical error estimate.** As an application, these resulis
could be used in the calibration of other numerical integration techniques which
require the specification of p or h.

An additional feature has been incorporated into the program which allows
one to use a multirevolution process along with the integration, when many revo-
lutions of orbit are required. This process is described in Section V.

*Equivalent Methods: (1) Adams-Moulton; Stormer-Cowell. (2) Gauss-Jackson (central differences).
**For the case of 2-body (elliptic) motion.



II. FORMULAS FOR INTEGRATION MODEL

The integration model employed is a multi-step process using the following
form of the Adams-Cowell formulas :

. < _ = 1 = 1 = 19 = e
(Predictor) X ,, = h? [“sn t Xt VK, tagg VK, oy VS 2xn]u)
X = h2 |11§ 1 1 2% . 7k=2% '
(Corrector) X ,, = h S *1a X1 " ogg Y Kasr tee o top VETEX (1)

i X - TS 42X + 2UX vk X

(Predictor) bl R ST Xt ta . (2)
o _ IS 1= 1 = . k=15 '
(Corrector) X.,, = h |'S +=X,, - T VX tee it o V Xn+1] (2)

where

X =(XY,2), X = (X Y, 2, h is the step size and p = k + 1 is the order; the
IIs , 'S, are the 2nd and 1st "'sums" respectively.

The coefficients — o, o}, a,, a} — are obtained by using the recurrence
relationships:

3)

1Henrici, P. (1962): *‘Discrete Variable Methods in Ordinary Differential Equations’’, John
Wiley & Sons, Inc., New York, pp 192-195 and pp 291-293.
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The backward differences are computed using the relationship
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then updated using ‘

e
'S, = 1S, ¢ TS, (6)

Remark: In order to keep '!S the same order of magnitude as X, the equations
to be integrated are taken as h?X. The above formulas were modified
to allow this adjustment.




III. COMPUTATION PROCEDURE

3.1 INTEGRATION STARTING PROCESS

Formulas (1) and (2) required (k) starting values of the solution in order to
obtain the (k ~ 1) backward differences required for the given order (p).

The starting values (See Figure 1) are computed by employing high order
Runge-Kutta type formulas (Appendix A) which are particularly suited because
of the degree of accuracy obtainable. The computation procedure is then:

(1) Given the initial position* vectors _Xo = (X,» Y, Z ), the order (p), and
the step size (h), the values X, = X(t, * ih), i = 1,2, ...k ~1are
computed. (The velocity vectors X, = (X,, ;Yi, Z,) are also produced
by this process.) The acceleration vectors X, = (X, Y, Z,), 1 =1,
2, «es. k - 1 are computed using the equations of motion given in Ap-
pendix B.

(2) Using (4) with r = i, the backward differences Vi ;)l(n , 11,2, 0 k-1
are produced, and using (5) and (6) with n = k - 1, IS and ITS_ are

obtained.
Once the starting table is complete, the integration proceeds as in Sec-
tion 3.2.
3.2 COWELL INTEGRATION PROCEDURE

Having generated a table of starting values, (information above the line in
Figure 1), the Cowell integration proceeds as follows:

(a) Compute -)_(g +1 (n =k - 1), using the predictor formula in (1).

(b) Compute the backward differences V* in-"l ,i=1,2,.... k- 1as
follows:

* — L e e ]
For simplicity in describing the procedure, only X = (X, Y, Z) and X = (X, Y, Z) will be used.
Also note that no further references to. X = (X, Y, Z) will be made since these can be obtained

by performing the operations described for integrating X.
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n+1 +1
VX, = VX, -VX
k=13 - k-2 = Cok-2
v ‘Xn+1 v xn+1 v 2Xn'

(c) Obtain a corrected value for X¢,, using (1)'.

(d) Test \)_(§+1 - Xﬁg‘ <-§ , where (%) represents a specified allowable
tolerancei Since X = (X, Y, Z), if any one of the three coordinates fails
t_he test, X ,; is evaluated and steps (b), (c), and (d) are repeated with
X¢i, replacing XP,, and X°©!11 replacing XS, in (d).

(e) If the difference of two successive values of the solution in step (d) < §,
the iterative process is complete and the retained X _,, is for the former
value of X , . (Note: If the first corrected value of 'Xn +1 1s acceptable,
the step is complete with only one evaluation of the derivative.)

Since two corrections are usually sufficient 2, the integration is termi-
nated if the number of iterations exceeds three. It might then be ad-
visable to change the order (p) or the step size (h) or if the prescribed
predictor-corrector tolerance i'equirements are not too stringent, the
tolerance (&) might be increased to acquire a more rapid convergence
of the predictor-corrector cycle.

(f) This completes the predictor-corrector cycle for the evaluation of a
point. The index (n) is updated by one, the sums are updated using (6),
and the integration process is continued by returning to step (a).

As the integration proceeds the requested vectors are supplied as output
data. If a requested vector is not one generated by the integration process, it is
produced by interpolation.

2Hull, T. and Creemer, A. (1963): *‘Efficiency of Predictor-Corrector Procedures’’, J. ACM,
Vol. 10, pp. 291-301.




IV. LOCAL ERROR CONTROL

An improvement in the efficiency of the integration process is obtained by
controlling the local truncation error>. Associated with the integration formula
(1) is an approximation to the local error given by

U % lo,h?29VrP73X |, (7N

n

the magnitude of last difference vector retained in the formulas.

It is evident from (7) that controls on the local error are directly dependent
on the variability of the stepsize (h) and the order (p). The program has, there-
fore, been designed to alter these parameters during the integration as U _ varies.
In particular, the order and/or stepsize can be varied so that the relation
T, > |U_| > T, is satisfied for each n, i.e., at each step of the integration, U_
is tested. If lUn\ < T,, the order (p) can be decreased or the stepsize (h) in-
creased. If | Un| > T,, the order (p) can be increased or the step (h) decreased.

4,1 PROCEDURE FOR CHANGING STEPSIZE

A stepsize change during the integration requires k- values of the solution
at the new stepsize to provide the required table (Figure 1). Since, in general,
many values of the solution at the old stepsize are available, an interpolation
scheme over these values is used to obtain the corresponding values in incre-
ments of the new stepsize. We remark that if an increase in stepsize is re-
quired, the last point computed is accepted, and if the step is to be decreased,
this point is rejected since the associated local error is larger than the allowable
upper bound T,.

In the program, two techniques designed for changing the stepsize are
available:

(a) Halving-Doubling:

When using this option, the stepsize is modified by either halving, or
doubling the current stepsize. In the case of doubling, the required back points

3Velez, C. E. (1967): *'Local Error Control and Its Effects on the Optimization of Orbital
Integration”, NASA X-553-67-366.




are obtained by selecting every other point of the last 2k points. In the case of
halving, the last k/2 points are used along with midpoints obtained by interpola-
tion.

(b) Stepsize Computation:

When using this option, the stepsize is computed as a function of the current
order and local error estimate, i.e., given an "allowable" local error o, [o, €

(T, T,)], the new stepsize hOpt is given by

o-l 1/p+2
hoye = h[’U—] (8)

n

¥ U < o, the stepsize is increased, and if U_ > o,, the stepsize is decreased,
where the new stepsize is approximately "optimal" with respect to o, i.e., the
"largest" stepsize which will allow the local error o, for the given order p.

Once the new stepsize has been computed, the required k values are ob-
tained by interpolation over the backpoints available at the old stepsize.

In both cases, once the required backpoints at the new stepsize are obtained,
the computation proceeds starting with step 2 of Section 3.1.

4.2 PROCEDURE FOR CHANGING ORDER

The process of changing the order is less involved than that of changing the
step. Because of the type of formulas being used, changing the order amounts
to decreasing or increasing the number of terms retained. If the order is to be
decreased, one less difference is retained in the computation of subsequent
points. If an increase in order is required, the last point is rejected, the order
is increased, and the point is recomputed by returning to step 2 of Section 3.1.

Since the local error is allowed to vary through a range, the order being
used is one that will satisfy the tolerances but will not necessarily be the
smallest or "optimum'" order that can be used. An option has been included to
test the differences at each step against a tolerance o, until the optimal order
corresponding to this tolerance is established. Although T, < o, < T, o,
should be close to T, to obtain a ""smallest’ order whose local error will satisfy
the upper bound.




4.3 MECHANICS FOR VARYING ORDER AND STEP

Depending on the nature of the orbit being integrated, the step and order
can be varied alone, in combination*, or can remain fixed throughout the inte-
gration. These operations are referenced as (a) vary order - fixed step,
(b) vary step - fixed order, (c) vary order - vary step and (d) fixed order - fixed
step modes.

The mechanics of the operations are as follows:
(a) The controls for vary order - fixed step are applied such that for

U, <T,, the order (p) is decreased by one; for U > T,, the order is
increased by one.

(b) The controls for vary step - fixed order are applied such that for
U, < T,, the stepsize is increased; for U > T,, the stepsize is de-
creased.

(c) The controls for vary order - vary step are applied such that for
U, < T, and p <L,, the stepsize is increased; for U > T, and p > L,,
the stepsize is decreased, where L, and L, are integers specifying the
lower and upper bounds on the order, i.e., the stepsize is modified if p
fails the inequality L, > p > L,. The order (p) is then arbitrarily ad-
justed to L, + (L, - Ll)/2. After one point is computed at the new
stepsize, (p) is optimized.

If, however, U < T2 and p > L, the order is decreased; if u > T
with p <L,, the order is increased.

The modes (a), (b), and (c) when selected are also used to adjust the initial
starting table. Mode (a), by varying the order, insures that the best order for
the given step is selected. When modes (b) or (c) are selected, the table is re-
started if the stepsize requires changing.

Both step and order optimization can be used in combination with a restriction oy > 0o ,.

10




V. THE MULTIREVOLUTION PROCESS

5.1 FORMULATION

An option has been included to "'step ahead'" the calculations in multirevolu-
tion increments. The multirevolution procedure is a combination extrapolation
and integration technique.

A cycle in the algorithm consists of first extrapolating or "predicting'" the
orbital elements n - revolutions ahead. Then, starting with these extrapolated
values, the equations of motion are integrated over one revolution. Finally, the
extrapolated values are improved by using a corrector formula along with the
information obtained from the single revolution integration.

Consider the following definitions as they relate to the formulas and pro-
cedure to be outlined:

(@) f ; — the value of an orbital element at the descending node of the jth
revolution. Since this is a 3-coordinate system, every reference to a
function actually represents a computation for each coordinate, both
position and velocity.

(b) n — the number of revolutions to be stepped ahead.

(c) v, - the backward difference taken at n times the step of V, so that
if Vf’. = fj - fj_l,then Vn fj = fj - fj_n.

(d) k — the order of the highest backward difference Vr"‘ to be retained in
the multirevolution formulas.

The formulas used in the multirevolution process* are:

(Predictor) Af, = n ZOLi vi (Afj) 9)

*Velez C. (1967): Notes on the Numerical Integration of Orbits in Multirevolution Steps, NASA
X-542-67-341.

11




(Corrector) Vf = n Zaz vi (Afj) (10)

i=0
where .
D= fL - f,
@, = 1- E b a; i = 1,2,3...
i=1
»” — * . —_
a, = = E bjoci_j i = 1,2,3....
i=1
1
Coen T+ )
_ i=t _
b, = T k = 1,2,3,...
where
Qg ag, bo = 1

5.2 COMPUTATION PROCEDURE FOR MULTIREVOLUTION ALGORITHM

Just as in the Cowell integration, the multirevolution formulas require a
set of starting values. This starting table (see Figure 2) is obtained by inte-
grating using the Cowell procedure until a sufficient number (kn+ 2) of values
of orbital elements at the descending node of a revolution are obtained. (Values
of the orbital elements at the descending node of any revolution are obtained by
inverse interpolation, i.e., a direct interpolation is made to find the time of
nodal crossing, followed by an inverse interpolation to obtain the values of the

orbital elements.) Then the forward differences Af, = f,, - f,, i = 0, n,
2n, ...l kn are computed, and from these values the differences V! (Af, ),
1i=1,2,....k; where

12




Orbital Elements 1st Backward

at Descending 1st Forward Diff. at n Times
Node Difference the Step
fo ) .
Ay
fl
fn
At
n
fn +1
f2n
O
2n
f?n +1

At

: vn(Af(kh-”n) o n( kn)
//// /
fi-1yn L
Bt 1yn T2 (Af / Tk (A f
f(1(-'|)n+l 'n( kn) o~ n( (k*l)n)

fkn /
y
f
‘””‘k/ \73(Af(k+])n)
. v, (0 )
n (k+T)n
fk +1)n Aty 4 1yn

f(k +1)n 41

Values above the line are required starting information.
Those below the line are then produced using the extrapolation procedure.

Figure 2
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Vo(af, ) = Af, - Af (11)

kn (k=1)n

2 = -
vn (Afkn) - Afkn 2Af(k—l)n + Af(k_2)n

Having obtained the necessary starting information, the extrapolation cycle
can begin:

(1)
(2)

(3)

(4)

(5)

Extrapolate n-revolutions ahead using (9) with j = kn to obtain &, f, .
Compute a predicted (extrapolated) value f (k+1)n? = the element at the
descending node of the (k + 1) n*" revolution by

f = Af

(k+1)n tf

kn (k=1) (n+1) *

Using the extrapolated values, integrate one revolution to the next node.
Then compute the forward difference Afsiyn = Fleery = fresiyn
Compute the backward differences V; (f(k+1)n) i=1,2 ... k using
(11).

Using (10) to obtain a corrected Vn(f(kﬂ)n ), a corrected value of the
orbital elements f(k“)n = Vn(f(HUn + f(k-2)n+1) is computed
and the cycle is complete.

The multirevolution process is continued by repetition of the 5 cycle steps
with (j) in step 1 updated for the current revolution, i.e., j = (k+ 1)n, (k + 2)n,

Remark: There is an option in the program to delete step (5), i.e.,to extrapolate

using only the predictor formula.

14
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VII. OPERATING INSTRUCTIONS

7.1 SEQUENCE OF INPUT DATA CARDS

10.

11.

Logical switch settings

. Cowell Integration beginning and ending times

. Step sizes for Runge Kutta integration

Epoch date

Orbital elements at epoch

. Tolerances for controlling local error

Mode of Operation
Cowell integration order, step or order limits.
Special print out interval

Extrapolation mode — order and stepped revolutions.

During a computer application in which several integrations are to be per-
formed, data cards 1, through 9 are required for the first integration while suc-
cessive integrations require only the logical switch settings (Card 1) and changed
information.

7.2 DESCRIPTION OF INPUT CARDS

Card #1 — Format (30L1, I1) A true (T) in the column corresponding to the
ISWT index number indicates:

Column Format Remarks
1 T ISWT(1) — New run — Read all new parameters.
2 T ISWT(2) — Repeat last run — Different mode.
3 T ISWT(3) — Repeat last run — Different orbital elements.

18




Column Format Remarks
4 T ISWT (4) — Repeat last run — Different tolerances.
5 T ISWT (5) — Repeat last run — Different order or step.
6 T ISWT(6) — Repeat last run — Different integration times.
7 T ISWT(7) — Use with options other than 2 or 5 to suppress
print out except for a specified portion of the orbit.
8 T ISWT(8) — Use NPT to produce print out based on the
number of integration steps.
9 T ISWT(9) — Used to indicate that the initial conditions
are to be input as position and velocity vectors.
10 T ISWT (10) — Repeat last run — Change Runge-Kutta step-
sizes.
11 T ISWT(11) — Run in extrapolation mode.
12 T ISWT(12) — Print error vectors for elliptic motion.
13 T ISWT(13) — Restart with new extrapolation case.
14 F ISWT(14) — Not used.
15 T ISWT(15) — Extrapolate by prediction only. (False —
by prediction and correction.)
16 T ISWT(16) — Run with step optimization.
17 T ISWT(17) — Run with order optimization.
18 T ISWT(18) — Print out nodal information.
19 F ISWT(19) — Not used.
20 F ISWT(20) — Not used.
21 F Full earth gravity applied. (True-elliptic motion only.)

19




Column Format Remarks

22 T Lunar gravity applied.
23 T Solar gravity applied.
24 T Atmospheric drag applied.
25 T Solar radiation applied.
31 I IND — Integer # 0, program execution will be terminated.
Card #2 — Format (2D15.8,I8)
Column Format Remarks
1-15 + X XXXXXXXXD + XX T, — Integration starting time (minutes).
16 - 30 + X XXXXXXXXD +XX FT — Integration final time (minutes).
31-38 ITIIIIX NPT — Print out interval. For normal
output {ISWT(8) = false] NPT is inter-
preted as minutes of orbit. If [ISWT(8)
= true], NPT is interpreted as the num-
ber of integrated points.
Card #3 — Format (2D10.3)
Column Format Remarks
1-10 +X . XXXD +XX H1 — Runge Kutta step size when inte-
grating forward (c.u.t.).
11-20 =X XXXD £XX H2 — Runge Kutta step size for inte-
grating backward.
Card #4 — Format (16,14,D7.4)
Column Format Remarks
1-6 YYMMDD Year, month, day of epoch.
7-10 HHMM Hours and minutes of epoch date.
11-17 XX.XXXX Seconds of epoch date.

20




Cards #5-6 — Format (3D24.17/3D24.17)

Column Format Remarks
1-24 = X XXX XX XX XXXXXXKXXXKXD + XX ELEM(1) — Semi-major
axis (c.u.l.).
25-48 £ X XXX XX XX XXX XXXXXXXD + XX ELEM(2) — Eccentricity.
49 -72 + X XXX XXXKXXXXXXXXXXKXD + XX ELEM(3) — Inclination (rad.).
1-24 £ X XXX XX XK XX XX XXXXXXD £ XX ELEM(4) — Mean anomaly
(rad.).
25 -48 = X XXX XX XK XX XXXXXXXXD + XX ELEM(5) — Argument of
perigee (rad.).
49-172 £ X XXX XXXXXXXXXXXXXXD £+ XX ELEM(6) — Longitude of
node (rad.).
1-24 += X XXX XXXXXXXXXXXXXKXD + XX X1(3) — X4, Yqy, Z 4, coor-
dinates for initial position
vector. (c.u.l.)
25-48 + X, XXX XX XX XXXXXXXXXXD + XX
49-72 = X XXX XX XXXXXXXXKXXXXD + XX
1-24 + X XXX XX XX XX XK XK KX KKD + XX XD1(3) — Xo, Yo, Z, cOOT-
dinates for initial velocity
vector. (c.u.l./c.u.t.)
25-~48 + X XXX XXXXXXXXXXXKXXXD + XX
49-172 £ X XXX XXXXXXXXXKXXXXXD XX
Card #7 — Format (5D10.3)
Column Format Remarks
1-10 +X . XXXD+XX TOL1 — Upper tolerance limit for local trunca-

tion error control. (T,)

21




Column Format Remarks

11-20 + X XXXD +XX TOL2 — Lower tolerance limit for local trunca-
tion error control. (T,)

21 -30 + X XXXD + XX CTOL — Accuracy requirement for integration
corrector cycle convergence. (8)

31-40 +X . XXXD £XX TOL3 — Tolerance used for optimum step com-
putation. (o)

41 -50 + X XXXD + XX TOL4 — Tolerance used for optimum order
option. (o,)

Card #8 — Format (I1)

Column Format Remarks

1 I Mode — 1 - indicates vary step vary order option.
2 - indicates vary step fixed order option.

3 - indicates vary order fixed step option.

4 - indicates fixed order fixed step option.

Card #9 — (With Mode = 1) Format (2I3)

Column Format Remarks
1-3 oI L1 — Lower order limit for vary order-vary step mode.
4-6 II1 L2 — Upper order limit for vary order-vary step mode.

Card #9 — (With Mode = 2) Format (D24.17,12)

Column Format Remarks
1-24 + X XXX XX XX XX XX KX XXXXD + XX DUM — Dummy variable.
25-26 b1 | ORDER — Cowell integra-

tion order




Card #9 — (With Mode = 3) Format (D24.17,12)

Column Format Remarks
1-24 £ X XXX XX XX XX XX XX XXXXD + XX DEL — Cowell integration
stepsize in minutes.
25-26 i} DUM — Dummy variable.
Card #9 — (With Mode = 4) Format (D24.17,12)
Column Format Remarks
1-24 £ X XXX XX XX XX XX XXXXXXD + XX DEL — Integration stepsize
(mins.).
25-26 i1 ORDER — Order to be used
for integration.
Card #10 — (With ISWT(7) = TRUE) Format (3D10.3)
Column Format Remarks
1-10 + X XXXD+XX BEGTIM — Starting time for print out (mins.).
11-20 + X . XXXD + XX ENDTIM — End time for print out (mins.).
21-30 +X.XXXD + XX BEGT2 — Start print out at this time and con-
tinue to end of run (mins.).’
Card #11 — (With ISWT(11) = TRUE) Format (2I3)
Column Format Remarks
1-3 14 NEXT — Number of revolutions to be "stepped"'.
4-6 I KEXT — Number of differences retained in the extfa—

polation formulas.

23



7.3 BLOCK DATA

Input parameters are also supplied through a block data section of the pro-
gram. These are parameters required by the force model and may be changed
by replacing the values in the following data statements:

(1) DATA GM/1.D0/, AE/1.Do/

GM — gravitational constant times mass of the earth.
AE — semi-major axis of reference ellipsoid in c.u.l.

(2) DATA EMASS (1)/.012299896D0/

EMASS (1) — ratio of mass of moon to mass of earth

(3) DATA EMASS (2)/332951.3D0/

EMASS (2) — ratio of mass of sun to mass of earth,

(4) DATA WE, F, CAPR, CD/.5883369D-01, 298.25D0, 6378.166D0, 2.3D0/

WE — angular rotation of earth

F — earth flattening constant
CAPR — 1 c.u.l. in km,
CD — drag coefficient
(5) DATA AREA, SATMAS/ XXXX—D XX, XXXX—D +XX/
AREA — area of satellite in grams/cm?.
SATMAS — mass of satellite in grams
(6) DATA RHO1, RHO2, RHO4/2* XXXD +XX, 30.D0/
RHO1 ~ 1
differential correction parameters

RHO2 — 1

RHO4 — atmospheric bulge angle in degrees
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(7) DATA (CS(1,d),I=1,20),d =1,23)/

CS — harmonic coefficients
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VHOI. SUBROUTINES USED

The Cowell integration program is designed as-a system of subroutines
under the control of an executive routine, The FORTRAN name and brief de-
scription follow:

EXEC — Directs the integration process.

PCCOFF — Computes the coefficients for the Cowell integration formulas.
Calling Sequence: CALL PCCOFF (PX, PXD, CX, CXD, I).
where I = the number of coefficients to be
computed.
TRANS — Converts orbital elements to position and velocity coordinates.

Calling Sequence: CALL TRANS,

TRANS2 — Converts position and velocity coordinates to orbital elements.

Calling Sequence: CALL TRANS2.

TABLE — Using Runge Kutta integration, computes the starting table of
values required for the Cowell integration model.

Calling Sequence: CALL TABLE.

FRCS — Computes accelerations using the equations of motion (Ap-
pendix B) or elliptic motion.

Calling Sequence: CALL FRCS,

CSTEP — Performs Cowell predictor-corrector cycle.

Calling Sequence: CALL CSTEDP.

SUMS ~ Computes 'S and !'S for Cowell integration.
Calling Sequence: CALL SUMS.

CKDIFF — Computes the i*" backward differences V! ?(n for Cowell
integration.

Calling Sequence: CALL CKDIFF (I),
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TEST

TABLEB

HEMINT

RK

OUTPUT

RESUME

TNODE
EXTCF

FKDIFF

EPHEM

EPHQAN

EGRAV
SLGRAV

DRAG

Test and control section for local truncation error associated
with Cowell integration.

Calling Sequence: CALL TEST.

Computes the new starting points when a change of step size
is required.

Calling Sequence: CALL TABLEB.

Hermite interpolation used to produce backpoints when changing
step size or to produce points at print out request times.

Calling Sequence: CALL HEMINT.

Performs Runge Kutta type integration using formulas in
Appendix A.

Formats printed output at print request times.

Collects information throughout the integration to produce an
efficiency summary.

Extrapolates a point n-revolutions ahead.
Computes coefficients for extrapolation formulas.

Computes the differences V; of the larger forward differences
for extrapolation formulas.

Computes lunar and solar ephemerides.

Calling Sequence: CALL EPHEM.

Obtains the lunar and solar quantities for a 5-day interval and
obtains the coefficients for a least squares fit to a 4th order
polynomial.

Computes the acceleration due to earth's gravity.

Computes the acceleration effect due to solar and lunar gravity.

Computes the acceleration effect due to atmospheric drag.
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SOLRAD —~ Computes the acceleration effect due to solar radiation. ‘

BLOCK DATA — See Section 7.3.
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BEGT2

BEGTIM

CAPR
CDEL
CDP
/COFFS/
COWL

/COWS/

CSAVE

CX

CXD

DEL

IX. CODING INFORMATION

Defined Symbols*

start printout at this time and continue printing to end of run.

begin printout at this time and print to a specified final time
(ENDTIM).

conversion factor meters/c.u.l.**

Cowell integration step size h in c.u.t.**
atmospheric drag constant

name of common block containing CSAVE,
running time for routine CSTEDP.

common block containing variables S1, S2, PX, PXD, CX, CXD,
CTOL, SAVE, ITER.

location for saving position predictor and corrector coefficients
for last retained term of series.

predictor-corrector coefficients for extrapolation process.

accuracy criterion for Cowell corrector cycle convergence.

arrays of coefficients for Cowell corrector formulas.

Cowell integration step size in minutes.

*
Symbols relating to the constants used in the force model have been omitted; see BLOCK DATA

subroutine.

**Canonical unit of length (c.u.l.) = 6378.166 kms. -

Canonical unit of time (c.u.t.) = 806.81242 secs.
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DIFF

ELEM
/EMS/
ENDTIM

FNP

FORCS

FT

FX
FXD

FXDD

H1
IENT
INCOWL

/INTERP/

ISCT
ISWT
ITER
KEXT

K1

array containing differences V1 in to be used in the Cowell
equations for correcting.

array containing orbital elements.

common block containing ELEM.

print out end time to be used with (BEGTIM).

used with print request to adjust interpolation location. (FNP =
2 will cause interpolation between 2nd and 3rd end points of data
array.)

running time for routine FRCS.

the total length of integration in mins.

arrays for position, velocity and acceleration coordinates inter-
polated using the Hermite interpolation subroutine.

Runge Kutta step size for forward integration.
number of step sizes selected during the integration.
number of integration steps.

common block containing FX, FXD, FXDD, T1, K1, M, M1
(Parameter M1 in HERMITE routine is called L.)

counter for the number of points at a particular step size.
set of logical switches to control program operation.
number of Cowell corrector cycle iterations.

the order to be used for extrapolation.

starting point of array to be interpolated using Hermite inter-
polation.
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L1
L2

/LIMITS/

M1

MODE

NCT

NL1 )
NL2 }
NEXT

/NODE/

NPT

N
/ODEL/
/OPT/
ORDER

PERIOD

location of current integrated point(s) in the vector
arrays.

limits on order to be used with vary order — vary step mode
to control step size changes.

common block containing TOL1, TOL2, TC, ISCT, ISWT, SW,
ORDER, L1, L.2, MODE,

location of interpolated value returned from HEMINT routine,

integer value to indicate the manner in which the program is
operating.

Vary Step — Vary Order
Vary Step — Fixed Order
Vary Order — Fixed Step
Fixed Order — Fixed Step

[V JV I VI
[

order of hermite interpolation polynomial.

total number of Cowell steps taken.

maximum and minimum order limits.

number of revolutions to be "'stepped' in extrapolation process.

common section containing XNODE, XDNODE, TNOD, C, CC,
KK, J1, NDIFF, NEXT, KEXT, INODE,

output interval.

number of differences carried in the integration.
common block containing NL1, NL2,

common block containing BEGTIM, ENDTIM, BEGT2.
order of the Cowell integration formulas,

computed period of the satellite.
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/PERTS/

PXD
PX

SAVE

S1 }
S2
SW
T
TC

TEPOCH

/TIMING/
TI

TNOD
TT
TREQ
TOL1
TOL2
TOL3
TOL4
TOUT

TSEC

common block containing ALT, DEN, HM, WE, ESQ, B, F, CDP,

RHO1, RHO2, RHO4, CAPR, AREA, SATMAS, CD, MD.
arrays of coefficients for Cowell predictor formulas.

array containing differences V‘in to be used in the Cowell
equations for predicting.

arrays containing first and second sums, S, !IS.

set of logical switches for internal program control.
elapsed time from epoch in c.u.t.

constant for converting minutes to c.u.t.

integration starting time in minutes,

common block containing stored information for a print out
resume,

interpolation time for positions and velocities when using
Hermite interpolation.

array containing times of nodal crossings.
square of Cowell integration step size in c.u.t.

output request time in minutes from epoch.

upper and lower bounds on local truncation error.

o, o, defining "allowable' local error for step and order
computation,

elapsed time from epoch in minutes.
conversion factor sec/cut.
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/WORKER/

XDD
XDNODE
XD

XNODE

XXDD

common block containing X, XD, XDD, XXDD, DIFF, CDEL, TT,
T, TREQ, TOUT, K, N,

array for storing acceleration coordinates of the form h? X.
array for storing extrapolated velocities.
storage array for integrated velocity coordinates,

storage array under extrapolation mode for position coordi-
nates,

storage array for integrated position coordinates.

value for current acceleration coordinate computed without
h? in the equation,
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1)

@)

@)

4)

X. ERROR CODES

INITIAL TABLE FAILED TOLERANCES ----- PROCEDURE
RESTART WITH NEW STEPSIZE.

RUN TERMINATED ... ITERATIONS GREATER THAN 3.
FINAL TIME = .XXX__ ___ D+XX

ORDER CYCLE DOES NOT CONVERGE WITHIN SET LIMITS.
FINAL TIME = .XX___  D#XX

STEP CHANGES GREATER THAN 90. RESUME INCOMPLETE.
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XI. STORAGE REQUIREMENTS (1108 configuration)

II.1 INSTRUCTION SPACE REQUIRED

Routine No. of Decimal Locations Approximate
EXEC 1292
CKDIFF 108
COEFF 161
CSTEP 280
DIFF 126
DNVERT 579
DRAG 302
EGRAV 480
EPHEM 782
EPHQAN 77
EXTCF 107
FIT 72
FKDIFF 114
FRCS 234
HEMINT 594
ouTPUT 348
PCCOFF 188
RESUME 308
RK 826
RYMDI 25
SLGRAV 115
SOLRAD 70
SUMS 71
TABLE 187
TABLEB 690
TEST 794
TNODE 490
TRANS 234
TRANS2 303
YMDAY 44
NTABS$ 9
SHADOW 120
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11.2 DATA SPACE REQUIRED

Labeled Common No, of Decimal Locations Approximate
WORKER 3978
LIMITS 61
EMS 14
OPTIM 4
COwWS 879
NODE 2886
TIMING 556
INTERP 1085
COFFS 4
ODEL 2
RKT 2
RKST 4
OPTIM 4
OPT 6
TIMES 3
BRIEF 20
CONST 8
CONST1 29
CONST2 14
CONST3 11
COFIT 96
CSUN 13
FMODEL 922
PERTS 433
COFIT 96
DDRAG 6
Additional Storage: Approximate Locations
Parameters and constants 3672
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XII. PROGRAM LISTING
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B ELT EXECr19671009, 48438
B EUF w»

COWELL ORBIT ERROR AND TIME ANALYSIS PROGRAM

OO0OO0O0OO0O0

DOUBLE PRECISION XeADsXxODeDIFF yPAsPXUrCX2 (XU ToTCoDEL +CDEI » T 1Te S4
190529 XL XO1 e XXUU» TEPUCH» TOLL» TOL2)CTOLPFToTT1DSQRTerHL»H20El £y
2ENUTIMyBEGT ImsFTLyPERICUICSAVE »STERPD»OLDT ¢ SAVE » IUMe TMH SDET ¢S
S0KD » TEMP 3y TEMPL »BEGT2,TOLI, TOLY

DOUBLLE PRECISION FXeFXUeFXDDrTI o TREQrFiIPT o FNPPRSAVE e SFNPT, TER

UIMENSION X1(3) e XD1(3)

DOUBLE PRECISION XNODE s XUNODE» TNOD»CoCC

DOUBLE PRECISION THETG ¢ THOOT1»THUOT29DAY L » OMINIETIME,

* ORAD e TWOPI P ORSECrUMr AE 'R PRSQeRQe THETG
* CSeCELTERPEPSECNDSTART  YMDAY P TC19DLOG

DOUBLE PRECISION ALTrOELNsHMeWEP ESQeBrRHOLIRHO2¢RHO3 ¢+ RHOG »CNe C. Pe
* ForCAPE » AREAPSATMASCD

DOULLE PRECISION xYZrE ASSePSUNYCSUBR»SIGMAPTSEC
INTEGER ORULER
LOGICAL iSuTeSW
COMMON/EMS/ELEM () 2 TEP
COMMON/WORKER/X(ZUUré) XE(20003) , xDU 2000 3) s XXDU(3) P DIFF (R0 3) 0
COELeTTr»TeTREQrTOUTIKIN
COMMON/LIMITS/TOLI TOL-2eTCoISCTrISWT(30)2SW(20)2ORDERILIet 2»90DE
COMMONZOPTIM/TOL3 TOLY
COMMON/COWS/S1(3)9Sc(3)rPX(63) 9 Pxu(63)sCX(63)1CXDI63) »CTO! #SAVE (60
i 13) P ITER
COMMON/NODE/ XNODE (20U ¢ 3) o XUMOUE(20003) » TNOD(200) 2 C(20) e CC(2U)
LKKrJLeNDIFF o NEXTyKEXT» INCGDLE
COMMON/TIMING/STEPD(90,3) v TEMP3» TEMPY
* POLUT P TMy XMr YMe2ZMe X5 IENT» ITERS» INCOWL » ICH
COMMON/ INTERP/FX(6003) s FXO(6003) o FXODIA0P3) r TI9KLsMeM1
COMMON/COFFS/CSAvE (&)
COMMON/ODEL /N1 NLE
COMMON/RKST/HLlrH2
COMMON/OPT/BEGTIMyENDTIMIBEGT2
COMMON/TIMES/TABeCOWL rFORCS
COMMON/BRIEF/RSAVE(10)
COMMON/CONST/DRAD»DTWOP1 s DRSEC P RAL » RESEC
COMMON/CONSTL/THETGU (1)) o THDOT L1 e THOOT2yDMINSETIME » IYHEG
COMMON/CONST2/6Mr AL ¢+ Ry HSQeRGP THETGY TCL
COMMON/ZCONSTI/EMASS(2) o XYZ(W) P LS
COMMON/CONSTY/PSUN» CSUIsR» SIGMAF
COMMON/PERTS/ALT(UL) rDEN(Y4L92) s HMM(U0»2) s WE 2 ESGe3rCNeCDP e R:IOL » kHO
* RHO3 s RHOU , CAPRYAREA SATMAS»CO e MD
COMMON/COFIT/CS(5+9) vDAYLrCENTERVDSTART
COMMON/ZCSUN/ZASUN» PMOON » EMOON TASUN(LQ)
16 FORMAT {(1HO 23Xr 20HPR(GKAM CPLRATING INe Xe&» 40H REVOLUTTONS EXTR
*APOLATION MODE OF ORDEKrI12)
133 FORMAT (213)
194 FORMAT(3D24.17)
1395 FORMAT(2010,3)
196 FORMAT(D24,17,12)
197 FORMAT(5010.3)
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198 FORMAT(2D15.8118)

199 FORMAT(I1)

200 FORMAT(30L1,I1)

201 FORMAT(3D24,17/3D024.17)

202 FORMAT(1H1/,48X28HCOWELL NUMERICAL INTEGRATION)

203 FORMAT(1HO»49X10HTOLERANCES/1IHO20X4HTOL129X» 4HTOL229XUHCTOL/ 17X
x010.302(23X+D10.3))

204 FORMAT(1HO4OX32HEXTRAPOLATION BY PREDICTION ONLY)

205 FORMAT (1H033X42HEXTRAPOLATION 8Y PREDICTION AND CORRECTION)

211 FORMAT(1H039X31HRUNGE=KUTTA STEPSIZES IN V.UeTo/1HO40X¢3HH1=010,
13X»3HH2=D10,3)

212 FORMAT(1HO»40X11HFINAL TIME=D1G,12)

213 FORMAT(1HO 45X 7THPERION=019,12)

217 FORMAT (1HO0//»49Xy12HORDER LIMITS/ 50X I34XrI3)

244 FORMAT(1H »///+18Xr40HSTEP AND ORDER OPTIMIZATION WITH TOI 3 OF
* D15+.8¢ 12H AND TOLY4 OF D15.8)

245 FORMAT (1Xe///27Xe31HORDER OPTIMIZATION WITH TOL& OF D15.R)

2u6 FORMAT(1H »///¢2B8X»30HSTEP OPTIMIZATION WITH TOL3 OF D15.A)

247 FORMAT(LAHL////77/7/77/77 26X%» STHVARI=ORDER VARI=STEP COWEL|L. NUMER
*AL INTEGRATION PROGRAM)

248 FORMATCLHL/ /777777177777 777/777777726X5S8HVARI=0RDER FIXED-STFP COW
1ELL NUMERICAL INTEGRATION PROGRAM)

249 FORMAT(LHL///7/7777777/777777771777726XSIHFIXED=ORDER FIXEN=STEP
1WELL NUMERICAL INTEGRATION PROGRAM)

250 FORMAT(1H1 10117777777771777726X58HFIXED=ORDER VARI-STFP Cow
1ELL NUMERICAL INTEGRATION PROGRAM)

. 251 FORMAT (1HO43X24HINITIAL ORBITAL ELEMENTS/1HO16X9HS.M. AXIG24x12HEL

O

L1CENTRICITY24X11HINCLINATION)
252 FORMAT(3(10XsD24,16))
253 FORMAT(1HO15X12HMEAN ANOMALYr20X15HARG. OF PERIGEE20X13HLONG. OF M
100E)
350 FORMAT (21H0 TIME IN ROUTINE»1XeA6,F12.5+4H SEC)
355 FORMAT (21H TIME I ROUTINE 1XrA60F12.5)
360 FORMAT (iHY/////77/7/7777/777/77/760%11HFORCE MODEL)
362 FORMAT(///50Xr36HAs GEOPOTENTIAL COEFFICIENTS APPLIED)
364 FORMAT(///750X»18HA« ELLIPTIC MOTION)
366 FORMAT(///50Xe24¢Bs LUNAR GRAVITY APPLIED)
368 FORMAT(///50Xe24HCs SOLAR GRAVITY APPLIED)
369 FORMAT(///50Xr20HDs ATnme DRAG APPLIED)
372 FORMAT(///50Xe26HE« SOLAR RADIATION APPLIED)
370 FORMAT(///50X 1iHEPOCH rATE ¢I6e1XeIl4e1XenN15,4)
TSEC=806.81242D0
TC1=TC/8.64D4
TC=60.D0/TSEC
ORAG CONSTANTS
DO 24 J=1.2
DO 24 I=1,40
20 FMUI v J)I=(ALT(I)=ALT(I+1)) /7 (DLOG(NEN(I+1eJ)/CEN(TIJ)))
COP=(243D0*AREA) /7 {2.,D0%SATMAS)
F=1.D0/CN
ESQ=F*(2.00~F)
B=(1.D0=F)
RHO4=RHO4*DRAD
50LAR RADIATION CONSTANT
SIGMA=(CSUBR*PSUN*AREA) /SATMAS
CONVERT TO CUL/CUTx*2
SIGMAS(SIGMAXTSEC**2)/ (CAPR*1.0[;+05)
MAXIMUM ORDER LIMITS
NL1=4
NL2=30
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NO=NL2+1
THROTLI=TAHDOT L*DRA,
U0 25 I=1r10
TASUNCI)=TASUN(TL) xKAD
2S5 THETGO(I)=THETGU (1) *URAD
THOOT2=THDOT1+DTwuPut
C CONVERSION FROM METEKS 70 VUL
ASUNZASUN/ (CAPR*1,0+03)
PMOON=PMOON/ (CAPR%1+0+(,3)
U0 1 I=1/NO
CALL PCCOFF(PXoPXi:oLXeCXUr 1)
1 CONTVINUE
551 READ(20200) I5wT e IkNU
IFUIENDeNELD) GO TO 103
cALL CLOCK(XS)
TAB=0W0
COwL=0.,0
FORCS=0.0
INCOWL=O
ITERS=0
1CH=0
IPT=0
TEMP3=0.00
uo 2 I=1,20
2 Swll)=,FALSE,
UG 3 J=1+3d
Uo 3 I=1.20
3 STEPO(LeJ)=0.00
IENT=1
o FINPE=LNTERPOLATION { OCATION
FNP=2.0D0
IF(ISWT(8)) FnP=0.0U
IF(ISWT(1)) 60 TO 401
IFCISWT(2)) 6o TO 4ou4
IF(ISWT(3)) 60 TO 402
IF(ISWT(4)) 60 TO 4ud
IFUISWNT(S)) G0 To 405
IF(ISWT(e)) vu TOo 4ul
LF(ISWT(10)) 60 To 423
IF(ISWNT(13)) GO Tu 425
4yl READ(29198) TEPOCHFTeNET
FNPT=NPT
SFNPTSFNPT
FT1=FT*TC
TEP=TEPOCHx*TC
IF(ISWT(6)) GO To 4u7
423 REAU(20195) H1/H2
IF(ISWT(10)) 60 To 407
4uR T=TEPOCH*TC
TOUT=TEPOCH
READ(20192) IEPYMU» IEPHW e EPSEC
192 FORMAT(IorI4e07e4)
USTARTSYMDAY (LEPYMU » IERM o EPSEC)
IYBEG=IEPYMD/10000
IF(ISWT(9)) GO TO 4u9
READ(29201)ELEM
CALL TRANS(Xx1lsXD1)
GO TO 410
409 READ(29201) X109 XD1
CALL TRANS2(X1»xD1}
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5310 DO 412 I=1,3
X{1,1I)=X1(1)

412 XD(1.1)=XD1I(I)
PERIOD=DSQRT(ELEM(1)*%x3)*%6,2831853071795864D0/TC
IFUISWAT(3)) GO TO 411

4n3d READ (29197) TOL1,TOL2,CTOLTOL3,TOLY
IFCISWT(4))G0 TO 407

yo4 READ(20199)M0ODE

405 60 TO (413,415,414, 416) ¢ MODE

4313 READ(2,193) L1lsL2
OQROER=LI+(L2-L1)/2
CDEL= 2.D0%%x(=5)

NO=2*NL2
GO TO 417

414 ORDER=9
READ(290196)DEL
CLOEL=DEL*TC
NO=NL2
L1=nL1
L2=NL2
GO TO 417

415 CDEL=2.,0D0*%(=5)

READ (29 196) DUM» ORIER
L1=0RDER

L2=il

NO=Z2*0RDER

GO TO 417

416 READ(29196)DEL2QRLER

SW({B)=FALSE .
Sw(9)=,FALSE.
COELZDEL*TC

NO=ORDER

417 SOEL=CDEL
SORU=0RDER
LF(ISWT(2) W 0RGISWT(D)) GO TO 407
IF(eNOTLISHT(7)IGC TG 450
READ (20 194)BREGTIM/ENDTIM e BEGTZ
GO TO 450

425 ISWT(11)=.TRUE,

497 VO wU8 [=1.3
X{1,1)=X1(I)

438 Xp(1.I)=XD1(1)

T=TEPOCH*TC

411 COEL=SDEL
ORDER=SORD
FINPTZSFNPT

450 TT=COEL*CDEL
N=ORDER=2
TREQ=TEPOCH+FNPT
IFCISWT(7)) TREQ=TREQ+BEGTIM
IT1=1
IF(FTeOTTEPUCH) GU T, (418e420,4199421) ,MODE
1TT=2
FNPT==FNPT
FREGETEPOCH+F PT
CUEL==CDEL
GO TO (418s42004199e421) 9 M0ODE

418 wRiTE(3r247)

IF(ISWT(16) JaNU. I5aT(17)) GO TO 44
IFCISWT(17)) - GO 10 45
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Wb

40

]

422

35

30

3e
34

36
38
39

72
31

IF(ISAT16)) wWrITeE(de.4e) TOL3
60 TO 40

WRITE(3e2448) TOLD)Tull

L0 TO 40

WRITE(3,245) TOoLY
WRITE(39217) LYri2
WRITE(3,203)TULL,TOLZ,(TOL
G0 TO #22

ARITE(39248)

IFCISWT(17)) WRITE(3e245) TOL&
wRITE(3,203) TOLL,TOL2,CTOL
60 TO 422

WRITE(39250)

IFCISWT(16)) wRITE(3r 46) TOLS
WRITE(3,203)TOLLsVOL2CTOL
50 TO 422

WRITE(3,249)
wRITE(3,203)TOLL,TOL2eCTOL
wRITE(3,251)

WRITE(39252) (LLEMA(I)I=103)
wRITE(3,253)

WRITE(30252) (LLEM(I) v I=496)
WRITE(3,213)PLRIOL

wRITE (390212)FT

WRITE(3,211) HleH2
IF(NOTLISWHT (1)) 60U T 3U
REAL(29193)INEAT P KEXT
NDIFF=NEXT*KEXT+2

DO ab I=103

DO 35 u=lrIOVE
TNOD(J)I=0.000
XNOUE(JrI)=0.u0

XUNODE(Jr» I)=usDO

INODE=C

KK=1

JISKEXT+1

CALL EXTCF

WRITE (39 16)NEAT P KFXT
IF(ISWT(15)) wRITE (3r204)
IF(eNOTLISWT(19)) wWrEIT+(3,205)
CONTINUE

wRITE(3,360)

IF(1SWT(21)) GO ju 32
WRITE(39302)

G0 TO 34

WRITE(3,»364)
IF(JNOTLISWT(22)) O 70 36
WwRITE(3+366)

IF(.nNOT,. ISKT(23)) GO TO 38
WRITE(3,368)

IF(.NOT, ISuT(24)) GO TO 39
WwR1TE(3+,369)

IF{.NOT, ISwi(25)) 6O To 72
WRITE(3,372)

WRITE(3+¢370) IEPYuDe IEFPHMPEPSEC
K=1

RSAVE(4)=T

oLDT=T

DAY L1=DSTART

CALL EPHGAN
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CALL FRCS
CALL CLOCK(xM)
CALL TABLE
CSAVE(1)=PX{(N+3)
CSAVE(2)=CX(N+3)
PXIN+3)=0.D0
CX{N+3)=0.00
RSAVE (1) =DBLE (FLOAT(ORDER) )
RSAVE(2)=CDEL/TC
STEPD(1¢1)=CULEL
TEMP4=CDEL
M=ORDER
TOUT=T/TC
IF(ISWT(8)) GO To 17
15 GO TO (19+18)1ITT
19 IF(TREQ.GT.TOUT) GO To 17
G0 TO 14
18 IF(TREQ.LT.TOUT) 6O Tu 17
14 TREQ=TREQ+FNPT
G0 TO 15
17 CONTINVE
IF(SW(9)) GO TO 550
CALL CLOCK(YM)
LMEYM=XM
TAB =TAB+Zi4
ISCT=N+1
IF(NPT=N)20,21¢22
20 NCT=N=(N/NPT)=NPT
G0 TO 23
21 NCT=0
GO T0 23
22 NCT=N
23 L=K+1
TO COMPUTE FIRST aNU SECOND SUMS
CALL SuMS
IF(sw(12)) 6O TO 11
WRITE(30202)
11 CALL CLOCK(XM)
IF(ISWT(16)) SW(20)=,TRUE.
52 K=L
60 CONTINUE
T=T+CDEL
TOUT = T/TC+.5D~13
ETIMEST*TC1+0START
GO TO (6162)0ITT
5l IF(FT1+(FNP+1.D0)%COEL +LT«T) GO TO 300
G0 TO 43
62 IF(FT1+(FNP+1.D0)xCOEL +6T.T) GO TO 300
43 CONTINUE
IF(ETIME.LE.DAY1) 60O 70 1000
CALL EPHQAN
1000 CALL CSTEP
Mz=K=3
SW(12)=,FALSE.
IFCIX(MI3) oL Te0.000ANNeX(M=203).GT+0+0D00) ¢ AND« (ISWT(11) siR, TGWT(
18)))CALL TNGOE
IF(sW(12)) 60 TU 31
41 INCOWLZINCOWL + 1
ITERS= ITERS + ITER
IF(ITER.LE.3) G0 10 302
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WRITE (3,325%) Tout
32% FORMAT (5X¢ 45HRUN TERMINATED. .« ITERATIONS GREATER THAN 3./
* 1HO, 40X, 11HFINAL TIME= 024.12)
G0 TO 550
392 IF(SW(19)) IPT=IPT+i
IFCIPT LT, 50) 60 TO 303
1IPT=0
SWl19)=.FALSE.
MODE=1
IF(L1«EQ.L2)MUDE=2
393 IF(MODE.EQG.4) 6O TOU S5¢
Sw(B)=.FALSE .
Swl(9)=,FALSE,
CALL TEST
IF(swW(9)) G0 Tu 9%0
IF(sW(8)) GC TO oY
1SCT=ISCT+1
56 IF(SW{14) e ANDISWT(11)) GO TOU 50
IFCISWT(8)) GO TO 6L
M=MAXO0(5¢+ORLER/2)
34 TI=TREQ*TC
GO TO (S7»58)»ITT
07 IF(TLeGT e T=FnNP*CUFL) oo TO 50
o0 Tu 59
98 IF(TLeLT o T=FirxCori) 30 TO 50
%9 ml=1
23 5w(10)=.TRUE.
K1=K
CALL HEMINT
CALL OUTPUT
TREG=TREG +FivFT
60 TO 54
29 WHCT=NCT+1
IFINCT=HNPT)50r5br55
25 NCT=0
CALL QUTPRUT
50 K=K+1
IF{KeLE«200)060 TO 6U
DO 51 I=103
U0 1 K=1eiNO
J=2u0+K=NO
X(KeI)=X(Jr1)
XCEKeL)=XD(Jr 1)
1 XDLD(K» I)=XD0(Jde 1)
LENG+1
IFCISCT.6TWNO) ISCT=NG
KSAVE (W) =T=-FLOAT(i5CT=1)*COEL
G0 TO 52
2V b“(ld):oTRUEo
CaLL CLOCK(YM)
T=T=CDEL
Tm=T-0L01
LMY M=XM
CALL RESUME -
Sw(lS)Z.FALS;.
=50 PX(HN+3)=CSAVE(L)
CX(r+3)=CSAvVE(R)
IFCaNOT (ISwT(1L),0keIS-T(18)))GU TO 551
150 FORMAT(LIRHO»19HNODAL CRNGLSING UnTn/lHU12XQMNODE27X1HX27X1HY27x1HZ)
191 FORMAT(L13XeI3s13X03(0Xs024,1E))
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132 FORMAT(4(BXsiiclolb))
wRITE(3,100)
vO 104 I=z1l,1,s00Lk
Jz=1
WRITEL39101) U (XNLDECTLL) pL=103)
THOUD(I)IZTNOL (L) /TC

104 WRITE(3,102)THOL(I) » (XI.NQOE(IrL) yL=103)
U TO 551

1,3 CONTINUE
STOP
eND

W ELT CAKDIFF»1,670830r 7578

W FOF
SUBROUTINE CKRUIFF (Lu)

C Lu= INTEGER SIGNIFYING DIFFERENCE TO BE COMPUTED.
DCUBLE PRECISION XxexDrxDiL e XXDUrDIFFeCDELs TTe T TREG » TOUT
DOUBLLE PRECISIO «s1inCrFLoFI
COMMON/ AORKER/X (20U 3) o XU(20003) y XDU(20003) o XXDDU(3) b DIFF(A003) »

1 COELeTTo T TREW!TOUT 1Ko M
DIMENSION BINC(60)
IF (KeGTWl) U TO 2

VO 1 J=103
1 ODIFFLDr ) =xUD (Ko g) =KD (K=~10sJ)
GO 10 4
2 FL=LY
BINC(L)=FL
U0 5 J=1,3
5 DIFF(LOPJI) XU (Ked) =BIaClL) %A (K=10J)
DO 3 I=2+LD
Fl=1
BINCAI)S(BINC(I=1)*(FL~FI+1.000))/F1
L=K~I
DC 3 J=1+3
S VIFFILD e J)ZDIFF (LG e d) +((=1.000) %% I*BINC(I)*XDD(LrJ))
4 RETURN
END
P LT COEFFr19670830, 47578
B EOF
SUBROUTINE COEFF(xeTrNyORDER?A)
o
c X (i) UEPE".DENT VARIAHLES
C T (N) INDEFENDENT VARIABLES
C N NUMBER OF INPUT VARIABLFS (MAXIMUM OF 25)
c ORUER ORDER UF POLYNUMIAL FIT (MAXIMUM OF 7)
g Ax (ORDEK+1) COEFFICIENTS OF POLYNOMIAL FIT

LOUBLLE PRECISION X (1)
DOUBLE PRECISION T(L)»a(1)eSUMBT»BTH
COMMON/SCRTCH/BT(5020) yBTB(828) ySUMIMeG1(49)
INTEGER ORDER
M=MINO (ORDER+1¢8)
LU 100 I=1l,w
BT(1eI)=1.0D0
00 100 J=2sm
1o¢ BT(Je DIST(D) *%5T (J=1v1)
U0 300 I=lem
00 300 J=1liy
SUM=0,00D0
LO 200 K=1lrn
200 SUMSSUM+BT (X sk ) *3T (JeK)
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30¢ sBTB(IrJ)=SUM
CALL DNVERT(MesT3s3rA)
DO 500 I=1,Mm
A(1)=0,000
DO 500 J=1,n
SUMZU.000
LU 400 K=1eM
40¢ SUMZSUMABTB (L oK) #5 TR e )
S0c ACL)=ACL)+SUMRX ()
RETURN
END
@ ELT CSTEPP1e670830r 47580
9 FOF
SUBROUTINE CSTEP
O0ULE PRECISION XrXU»xDUrXXLUDeDIFFeCOELY TT» T TREQ, TOUT
DOUBLE PRECISION S1e92,PXrPXUrCXsCXDrCTOL»SAVE
DOUBLE PRECISION sUml,SUM2
DOUBLE PRECISION SCUOrSPCU
COMMON/WORKEN/X(ZUU'3)'Xb(20003)'XDD(ZOOOS)'XXDU(3)OUIFF(h 1 3)e
CUELYTT»T»TREQr TOUT»K¢N
COMNON/COWS/SI(J);SZ(J)vPK(b3)nP’U(63)vCX(63)vCXD(63) CTO1 1 SAVE (60
1 r3)r ITEK
COMMON/TIMES/ TAG3» COWLe FORCS
DIMENSION SCU(3)»5PCO(2)
INTEGEK 8
CALL CLOCK (xc)
DO 1 I=1,3
SUM1=0,D0
SUM2=0.D0
D0 2 J=1N
BEN=J+1
SUML=SUMI+PX (3+3) #DIFF (B, 1)
2 SUM2ZSUMR+PXD(B+2)*DIFF (B 1)
SCOCLI=SUML + PX(3)* XiD(K=11+1)
X{KeI)= 5C0(I) + s2(I)
1 XD(KeI)= (SUM2 4+ pXD(2)*XDD(K=1,1)+51(1))/CDEL
CALL FRCS
D0 15 I=13
SAVE(L»I)ZDIFF(1r1)
VIFF(lrI)=XDUCKII) = XiD(K=1r1)
CO 7 J=2!N
SAVE(J» 1I=DIFF(Jr 1)
T DIFF(Jr D) =DIFF(J=101)=5aVE(J=1,1)
15 CONTINUE
ITER=0
100 VO 5 I=1,3
SPCO(I)=SCO(I)
SUM1=0.,00
SUM2=0.D0
PO 3 J=1N
B=N=J+1
SUMISSUMLI+CX(u+3)%DIFF (B, 1)
3 SUMZESUM2+CXD(B+2)*UIFF (B, 1)
SCO(I)=SUM14CXx(3)xXDD(KeI)
X{KeI)=SCO(I) + S2(1)
5 XD{KeI)= (SUMR=CXD(2)xxDU(Ks1) + S1(I))/CDEL
ITER=ITER+1
DO 10 I=1,3
IF(UABS(SPCO(I)=SCO(I))+LE.CTOL) GO TO 11
10 CONTINUE
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CALL FRCS

DO 13 I=1.3

DIFF(1oI)ZXDO(K I)=XDD(K=1 o 1)
DO 13 J=2'N

13 DIFF(JrI)=DIFF(J=1¢I)= SAVE(J=1rI)
iIF (ITER «LE. 3) 0 To 100
RETURN

11 00 12 I=1.3

12

S1(1)=S51(I) + XDD(K.I)
S2(1)=51(I)+s2(1)
CALL CLOCK (XR)

COWL= COmL + XR = Xt

RETURN
END
P cLT DIFFel»670830r 47581
W EOF s
c
C PURPOSE TO CALCULATE THE DIFFERENCE BETWEEN ANY TWO TIME

O OO0 OO0 O OO0 NOOODOOOONNOOONOOONN

IYEARL=O
1YEARZ=0

CALLING SEQUENCE

ROUTINES REQUIREU

POINTS InN THE 20TH CENTURY

CALL DIFF(IYMD1s»IHMS10IYMD20¢IHMS2¢IDAY» TSEC)

INPUT = DATE IN THE FORM YYMMDD

INPUT = TIME ON DATE IVYMD1 IN FORM YYMMOD
INPUT = DATE IN THE FORM YYMMDD

INPUT = TIME ON DAYE 1YMD2 IN FORM HHMMSS
QUTPUT -~ ELAPSED FULL DAYS DIFFERENCE

IDAY IS NEGATIVE IF IYMD2sIHMS2
IS THE EARLIER TIME

SYMsoL TYPE OESCRIPTION
IYMDL(1) I
I+M51(1) I
1YMD2(1) 1
I14Ms2(1) 1
INAY(1) I
ISEC(1) I

OUTPUT = REMAINDER OF DIFFERENCE IN SFCONDS.
ISEC FOLLOWS THE SIGN OF IDAY

RY¥D1

SUBROUTINE DIFF{IvMu1sIHMSY . IYMD2» IHMS2¢ IDAY ¢ ISEC)
OIMENSION NYEAR(12)eLYFAR(12)

—ewmem===eSET THE ELAPSED DAYS AT THE GEGINNING OF EACH MONTH
SINCE THE START OF A NON-=LEAP YEAR

DATA NYEAR /0031+59¢90,120,151,181+212,243+273¢304%,334/

mrmma=eme=GET THE ELAPSES GAYS AT THE BEGINNING OF EACH MONTH
SINCE THE ST2ZRT OF A LEAP YEAR .

OATA LYEAR /0¢31+60091,121+152,182,213,244+274+305¢335/
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Commmum=m==CHECK FOR a i IFFECENLCE OF LESS THAN ONE DAY
C
IFCIYMDL.EQ.L1YMD2) ¢OTC 4300

c
Crmammmmmem SEPARATE IYiil An: IYMDe IMNTO THREE wORDS EACH
C
CALL RYMUI(IY#DLo1Y1ho1101ID1)
CALL RYMDI(IYMIZ2eIY2rIn2e102)
c

Cmm—emamme==COMPUTE THE bLAPSH!, DAYS SINCE JAJUARY 001900

C
LYEARL=306525%(1Y1~1)/140
IYEAR2=36525%(IY2-1)/1,0

C

Cmmmma==ee=CORRECT THE VALULS FOR LEAP YEAR

C
IF(MOUGIYLrZ2) EQLU) wOTO 100U
IYEARLI=IYEARI+NYCAR(I A1) +1ID1

S50y AF(MOD(IY204) sEGULU) ©OT0 2000
IYEARSZIYEARHNYEAR(IN, ) +ID2
60Tu 300u

1090 IYEARIZIYEARL+LYEAR(ImM1)+IDL
u0TO bHGO

2090 IYEAREIYREARZHLYZAR(IMAI+ID2

c

Comemam====CONVERT ELAPSEU D2YS INTO ELAPSED SECONDS

c

3000 IYEARIZIYEARLXBoL400
IYEARZZIYEAR 2480400

c

Cormmm=e=e=CALCULATL tiLaPSED SECONUS INTO EACH DAY

c

4000 ISECL=INMS1=-40%(1rM51/100)=2400%(IHMS1/10000)
ISEC27IHMS2-4u* ([11MS2/100) ~2400% (IHMS2/10000)

C

Commmame=a=SUBTRACT THE TwO ¢ LAPSED SECONDS VALUES

C
ISECZIYEAR2+LSEC2-IYEAIL1-ISECL

c
Cmmmmam=m==COMPUTE L1DAY
c
IDAY=ISEC/86Zu0
C
Cmmmmam====COMPUTE 1SLC
C
ISECZISEC=IDAV*86400
c
RETURN
c
END
® £LT DNVERT»10670830s 47582
W EOF o

SUBROUTINE ONVERT(NrAriiTeIROW)
LOUBLE PRECISION ArX?YsZ
DIMENSION A(NTeNT) » IROW (NT)
0O 1 1 = 1oN

1 IRow(I) = 1

L = 1
2 IF(L.EGN) GO TO ©
I = L
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11
13

14
15

25

%)

K = L +1

U0 4 J = KM

X = ABS(Aa(J,L))

Y = ABS(A(I,L))
IF(YGT«X)GO TO 4

I =J

CONTINUE

IF(1.EQsL) GO TO 5
DO 868 J = 1ok

Z = AlLrJ)

AlLrd) = A(I»J)
AlLed) = 2

K = IROW(L)
IROW(L) = IwOW(I)
IROW(I) = K

IF (A(L/L)=04) e
PRINT 10

9

FORMAT( 19H MATRIX IS SINGULAR)

RETURN

2= 1.0 /7 A(LeL)
IF(L.LEWS1) GO TO 13
K = L-1

LO 11 I = 1K
AlLeI) = AL i) % 2
IF(NOLEOL) GO Tu 15

K = L +1
JO 14 I = K o8
A(L2I) = A(Lel) =

IF(LOGE.-N) 010 23
V0 22 I = Krie

IF (ACLe)=04) 18s2201n

Jo = L -1
DO 19 J = 1eud

ACLed) = AC(LIpd)= L(IrL)

Ju =T L + 1

0O 21 J = JJr N
AlIed) = AL1rJ) - AlINL)
ACI/L) = = A(I/L)
CONTINUE

AlL,L) = Z
lF(N'LE-L) [S10) To
L =L +1

GO TO 2

LO d2 L = 2NN

K =L=-1

DO 92 I = 1.k
IFCatLyL)=0,) 20022
pO 27 J=1K

AlIedd = ACIvu) = ACL1)

IF(NGEQel) GuTU 31
KK = L 1
v du J = KKeN

+

A(L,J)
ALTL)
CONTINUE
JJ = N -1

UG 37 1 =1 vJJ
LFUIROW(I) sruel) G
LO 34 J = Tenw

&

x Z

25

120

V)

* A(Ley)

*x A(L»J)

¥ AlL»J)

A(Ir0) = A(Le1) * AlL,d)
- iCIeL) * AlLeL)

37
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34
45

36

a7

W oELT
¥ EOF

¥

*
*

22

10

15
*
*

21
20

25

@ ELT

IFCIROW(J) wryal) L 10 35
CONT INUE
LU 36 K = LlonN
Z = A(K» L)
A(KeI) = A(Ke )
AlKyJ) = 2
IKOw(J) = Inow(]l)
CONTINUE
RETURN
eND
DRAGe 10871807 L484yOU
loi
SUEBRQUTINE DKAG
COMMON/ WURKER/ZAL20003) » au(200¢3) 5 xDD(29003) 9 XXDD(3) e DIFF (09310
COEL v iTr T2 TREGPTOUT e Kol
COMMON/COUNSTZ2/GMe AE PRy 2SQe RO THETG» TCL
COMMON/CUNSTI/EMALS(2) o XYZ (W) oS
COMMON/PERTS/ALT(al) r0p N(YLe2) yHu(B092) rWEPESQr 32 CNeCDPeRHOL
nH02 s RHO3yRHO4 »CAPR y AREA*SATwAS,CD e MD
DOUBLE PRECISION xe XDy xDUe XXUD»DiFF»COEL TT2Te TREQe TOUT
LUOULLE PRECISION GMrAE,RoRSQrRGr THETG» TCLPEMASS XYZ
DOUBLE PRECISION ALTrDENIURAGI3) pVRIWE»G3»QUrGSeESQrELeR7IBIFTA,
1 HMy RHOL1 » RHC2 s RRO3» RHOL » COSPST ¢ RHOyRMAX s RMINY
CNeCOPYCAP e AREA»SATMAS e CO v DEXP
DOUBLE PRECISION LSGURTPDCOSPUSIN
DRAG(L1)=XD(Ks 1) +WE*X(K»2)
DRAG(2)=XD(Kr2)=WE*xX(K»1)
DRAG(I)I=XD(Kr3)
VR=0.D0
DO 4 I=1,3
VR=VR+DRAG(I) %%
VR=DSQRT(VR)
Q3TX (Ko l)*¥k2+X(Kr2) %%2
Q4=Q3/RSQ
QS=ESQO*Q4
DEL=(ESQ*X (K¢ 3) *%DSQART(Q3) )/ (RSA=ESQ*QJI)
R7= B8%(1.0040.500%Q5*%(1.,00+0.75D0%Q5))
ETA=DEL*R7/R
HIZ(R=R7)*(1.,00=-ETA*DEL/2.0D0)*CAPR
IF(HI.LT.1.0D+03) GO TO 2e
RHO=0.D0
60 TO 21
DO 10 I=1r41
IF (HI.GT.ALT(I)) GO TO 10
RMAX= DEN(I=1»1)*DEXP((ALT(I=1)=HI)/HM(I=1+1))
RMIN= DEN(I=1¢2)*DEXP((ALT(I-1)=HI)/HM(I=1,2))
G0 TO 15
CONTINUE
COSPSI=X(Kr1)/Rx(XYZ(1)*DCOS(RHO4))
+X(Ke2) /R®(XYZ(2)%xDSIN(RHOW))
+X(Ke3)/R%XYZ(3)
COSPSI=(USQRT((1,D0+COSPSI)/2.D0) ) **MD
RHO= (RMIN+ (RMAX=RMIN) *COSPSI) *1.0D=10*%CAPR
DO 20 I=1+3
DRAG(I)=(1.D0+RHOL1) *CDOP*(1,D0+RHO2#T) *KHO*xVR*DRAG(I)
DO 25 I=1+3
XXDD(I)=XXDD(I)=DRAG(I)
RETURN
END
EGRAV+ 19670830 47574
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@ EOF i

c

SUBROUTINE EGRAV

CxxxxNOTATION®*®%x%

OOOODDO0OOOOO0

[eNeXe]

O0O0ON0O0 o

PSI-LATITUDE (GEOCENTRIC)

LAMBOA-LONGITUDE (4+EASTWARD)

R=GEOCENTRIC RADIUS TO SATELLITE IN EARTH RADII
GM=GRAVITATIONAL CONSTANT TIMES MASS OF EARTH
P(MeN)=COEFFICIENTS OF LEGENDRE POLYNOMIAL
C(NeM)=COEFFICIENTS OF COSINE FUNCTION
S{NsM)=COFFICIENTS OF SINE FUNCTION
INDEX1=-DEGREE OF SUMMATION PLUS 1

DIMENSION P(22+20)95(20023) »COSLAM(21) SINLAM(21) » TPSIM(21) s
. C(20+,23)

DOUBLE PRECISION XeXDeXDD¢XXUD/DIFFeCDEL TT»T»TREQ TOUT
DOUBLE PRECISION GMrAErR/RSQrRQ» THETG»CS»SeCrRASATPReDRsPLAMDAY
DLAMDA »PPSI»DPSI»LAMBDA »GMR+PRRyPLXY»PPTP»COSLA
SINLAM» TPSIM» TANPST»SINPSI»COSPSIZZEROICP3sCL2y
FLrF2)F3sF4sFNL+RNsRINVIFMIPLeXYSQrRTXYSQrDX(3)
*DATANZ2DSINsDCOSIDSQRTP,»TC1

* N K *

COMMON/WORKER/X(200¢3) 9 XD(200+3) +XDD(200+3) ¢ XXDD(3) s DIFF(60+3) ¢
* COEL»TT»T»TREQ'TOUT »K»NORD

COMMON/CONST2/GMe AErR»RSQPRA'THETG» TC1
C AND S COEFFICIENTS ARE STORED IN SAME MATRIX
COMMON/FMODEL/CS(20+23) » INDEX1» INDEX3

EQUIVALENCE (TPSIM(&)rTANPSI)v(CvSoCS)r(PrSINPSI)'(P(Zrl)oCOSPSI)
(TPSIMe ZERO)

DATA ZERQsSINLAM(1) »COSLAM(1)/2%0.D0»1,D0/
SET ZERO ELEMENTS OF LEGENDRE POLYNOMIALS

DATA P(3+11)sP(4s2) 9P (5:3)9P(6+14) 2P (T+5)9P(816)sP(9T)»

. P(10r8)vP(11¢9)+P(12¢10)2P(13,11),P(14y12) P(15'13)!P(16'14)
. P(17¢15)P(189016)¢P(19+17) P (20,18)P(21+19):P(22+,20)/

o 20%0.00/

RASAT=DATANZ2(X(Ke2) p X(Kr 1))
XYSQ=X{Kel)xx2+X{Kr2) %%2
RTXYSQ=DSART (XYSQ)
LAMBDA=RASAT - THETo6
SINLAM(2)=DSIN(LAMBDA)
COSLAM(2)=DCOS (LAMBDA)

SINE»COSINE»AND TANGENT OF LATITUDE
SINPSI=X(K¢3)}/R

COSPSI=RTXYSQ/R

TANPSI= SINPSI/COSPSI

RINV=AE/R

xexkALL INDEXES 1 HIGHER THAN IN ANALYSIS®%kx*

CALCULATE POLYNOMIAL TERMS
s o NOTE = P TAKES FURM P(MeN)

INDEX2=INDEX1-1
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C

OO0

OO0

o000 [eNeXel

OO0

110

120

140

CP3=3.00%COSPSI
P(1+2)=1.5D0*S5INPSI*%2~,5D0
P(2¢2)=CP3%xSINPS]
P(3+2)=CP3*CO5PSI
TPSIM(3)=2.,DU*TANPSI

CALCULATE AND SAVE SINES AND COSINES OF LONGITUDE

CL2=2.00%COSLAM(2)
SINLAM(3)=CL2*SINLAM(2)
COSLAM(3)=CL2*CUSLAM(2)~1.D0
DO 120 N=3,INDEX2

F1=N

F2=F1=1.00

F3=2.,00%F1-1.00

FU=F3%*COSPSI

N1=N=-1

N2=N=2

ZONAL HARMONICS (M = 0)

P(lyN)=(F3*SINPSI*P(1eN1)=F2xP(1eN2))/F1

IF(INDEX3.L.T.2)GO TO 120
NX=MINO(Ns INDEX3)
DO 110 M=2,NX

TESSERAL HARMONICS (M NON ZERO» LESS THAN N)

P(MyN)=P(MsN2) +F4xP (M=1+N1)
IFINXeLTeN}GO TO 120
NN1=N+1

SECTORAL HARMONICS (M EQUAL TO Ne¢ NON ZERO)

PINNL/N)ZF4xP (NenNL1)
TPSIMINNL)=TPSIM(N)+TANPSI
SINLAM(NNL) ZCL2*SINLAM(N) =SINLAM(N1)
COSLAM{INN1)=CL2*COSLAM(N)-COSLAM(N1)
CONTINUE

INITIALIZATION FOR SUMMATION FOR PARTIALS

PR=0.
PLAMDA=U.
PPSI=0.
FN1=2.
RN=RINV

SUMMATION FOR PARTIALS

DO 250 NC=2»INDEX2
NS=21-NC

RN=RN*RINV
FNI=FN1+1.00

FM=0.

DR=0.

DLAMDA=0.

DPSI=0.
N1=MINO(NC+1,»INVDEX3)
DO 200 MC=1/,N1
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150

175

200

250

MS=24=MC

P1=P(MC/NC)
IF(MC.EQ.1)G0O TO 150
FM=FM+1.D0

PARTIAL WITH RESPECT TO LAMBDA (SUMMATIOM)

DLAMDA=DLAMDA+FM*P L% (S (NS#MS) *COSLAM(MC) =C (NC»MC) *SINLAM(MC))
F1=C (NCorMC)%xCOSLAM(MC) +S (NSeMS) xSINLAM(MC)
IF(F1)175,200:175

PARTIAL WITH RESPECT TO R (SUMMATION)
DR=DR+F1*P1
PARTIAL WITH RESPECT TO PSI (SUMMATION)

DPSI=OPSI+F1*(P(MC+L1rNC)=TPSIM(MC)*P1)
CONTINUE

PR=PR+DR*FN1*RN
PLAMDASPLAMDA+DLAMDA*RN
PPSI=PPSI+DPSI*RN

GMR = GM/R

COMPLETE PARTIAL WITH RESPECT TO R
PR==GMR*{1,000+PR) /R

COMPLETE PARTIAL WITH RESPECT TO LAMBDA
PLAMDA=GMR*PLAMDA

COMPLETE PARTIAL WITH RESPECT TO PSI
PPSI=GMR*PPSI

CONVERT ACCELERATION IN SPHERICAL COORDINATES TO ACCELERATION IN
RECTANGULAR COORDINATES (MULTIPLY BY MATRIX OF PARTIALS OF
SPHERICAL WITH RESPECT TO RECTANGULAR)

PRR=PR/R

PLXY=PLAMDA/XYSa
PPTP=PRR=PPSI*X(K¢3)/ (RTXYSQ*RSQ)
DX(1)=X{Ke 1) *PPTP-PLAYXX (K¢ 2)
DX(2)=X(Ke2) *PPTP+PLXY*X(Kr 1)
DX(3)=PRR*X(K*3)+PPSI*RTXYSG/RSQ
XXbD(1)=DX(1)

XXpD(2)=pX(2)

XX0D(3)=DX(3)

RETURN

END

ELT EPHEMr 19670927, 50403

EOF

fo

CALLING SEQUENCE CALL EPHEM(IY1,D1,A0)

Ivl
D1
AQ

I INPUT YEARS SINCE 1960
D INPUT TIME OF INTEREST IN DAYS SINCE-IY1-
R QUTPUT VECTOR OF NINE ELEMENTS
ELEMENTS 1-3 INERTIAL XrYeZ COMPONENTS OF
UNIT VECTOR TO MOON (METERS)
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ELEMENT 4 RANGE TO MMON (METERS) ‘

ELEMENTS 5=7  INERTIAL XsYeZ» COMPONENTS OF
UNIT VECTOR TO SUN (METERS)

ELEMENTS 8 RANGE TO SUN (METERS)

ELEMENT 9 EQUATION OF THE EQUINOXES

SUBROUTINE EPHEM(IY1rD1rAO)

DOUBLE PRECISION De¢TrTWOPIDsCRAD+DRSEC» THOOT1» THDOT2 DUMMY
DOUBLE PRECISION D1+DMINSETIME

boubLE PRECISION SLFT

UIMENSION A0(9)

DIMENSION DAYS(10)

COMMON/CONST/DRAD» TWOPID»DRSEC»RAD»RSEC
COMMON/CONST1/DUMMY (10) » THDOT 1, THDOT2,DOMIN/ETIME » IYBEG
COMMON/CSUN/ASUN» PMOON» EMOON» TASUN(10)

REAL LSriM

EQUIVALENCE (SLrSLMGM) » (SP»SLSGS) » (CPrCLSGS)

DATA DAYS/0¢r36641731491096.91461.91827.92192.92557.92922.+3288.
EPHEMERIS DAYS SINCE JAN 0.5 1900

D=D1+421913.500+DAYS(IY1)

TIME IN JULIAN CENTURIES SINCE JAN 0.5 1900

T=D/36525.0D0

TSQ=T**2
DSG=1+.0E-8%D**x2

MEAN OBLIQUITY OF THE ECLIPTIC
EPSZRAD*(23.452294=,0130125%T~,164E-5%TSQ)
MEAN LONGITUDE OF THE SUN

LS=UMOD (DRSEC*(,100690804D7+,12960276813D9*T+1,089*%TSQ) ¢ TWOPID)
SLS=SIN(LS)

CLS=CO0S(LS)

S2LS=2*SLS*CLS

Cl=CLS**2

C2LS=2.»C1-1,

SILS=SLS* (3o =4, xSLS*k%2)
C3LS=CLS*(4,.,*C1=-3,)

MEAN LONGITUDE OF PERIGEE OF THE SUN
GS=RSEC*(1012395,0D0+6189.03*T+1,63*T5Q)

SGS=SIN(GS)
CGS=C0OS(6S)

MEAN LONGITUDE OF THE MOON

LM=DMOD (DRAD* (270,434164+13,1763965268D0%D~,85E-4*DSQ) » TWOPID)
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SLM=SIN(LM)

CLM=COS(LM)
S2LM=2 . *SLM*CLM
CLlaCimMex2
calm=2,xCl-1,
S3LM=SLM* (3, =4 ¥SLM*%2)
C3LM=CLM*(4,%C1~3,)

MEAN LONGITUDE OF LUNAR PERIGEE
GM=DMOD (DRAD* (334 ,329556+.1114040803D0%D=, 7739E=3%DSQ) » TWOPID)

SGM=SIN(GM)
CGM=COS (GM)

LONGITUDE OF MEAN ASCENDING NODE OF THE LUNAR ORBIT
OM=DMOD (DRAD* (259, 183275-.529539222E-1%D+,1557E-3*DSQ) r TWOPID)

SOM=SIN(OM)

COM=COS (OM)
S20M=2 ¢ *SOM*COM

C20M=2 . *COM**x2~1,
C1=SG6S*CLS

SLSGS=SLS*CGS
SLSPGS=SLSGS+C1
SLSGS=SLSGS~C1
CLSGS=CLS*CGS+SLS*S6S
SLMGM=SLM*CGM

C1l=56M*CLM
SLMPGM=SLMGM+C1
SLMGM=SLMGM=C1
CLMPGM=CLM*CGM+SLM*SGM
S2LMOM=S2ILM*COM=SOM*C2L M
S52LSOM=S2LS*COM=SOM*C2LS
C2LMOM=C2LM*COM+S2LM*SOM
S3LMGM=S3LM*xCGM=SGM*C3LM
S3LMGS=S3LM*CGS-SGS*C3LM
S3LS6S=S3LS*C6S-SGS*CALS
C3LSGS=CILS*CGES~S3LS*S6S
S2LSGL=S2LS*CLMPGM=SLMPGM*C2LS

NUTATION IN LONGITUDE

DELPSI=DRSEC*(,2088%S20M=SOM*(17.2327+,01737*T)=1.273%52LS

o =e2037%S2LM+,1259%51L565=+ 0496*S3LSGS+,.0214%SLSPGS
. +.0675%SLMGM= 4 0342%S2LMOM=, 0261 *S3LMGM+, 01 14*SLMPGM
. +.0124%S2L.SOM=,0149%52L.S6L.)

NUTATION IN OSLIQUITY

DELEPSZDRSEC*(9,2106%COM=. 0S04*%C20M+,552*%C2LS+.0884%C2LLM
. +,0183%C2LMOM+,0216*C3LSGS)

TRUE OBLIQUITY OF THE ECLIPTIC
AEPS=EPS+DELEPS

SOB=SIN(AEPS)
COB=SQRT(1.=508%*2)
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EQUATION OF EWUINOXES
A0(9)=COB*DELPSI

ECCENTRICITY OF EARTH'S ORBIT
ESUNZ.01675104=4418E=4*T
APPARENT LONGITUDE OF THE SUN

D3=DINT(DL)

L2=D1-D3

02=03#THOOT1+02*THDOT2
ALS=LS+2.%ESUN*SIN(D2-TASUN(IY1))

SALS=SIN(ALS)
CALS=COS(ALS)

INERTIAL UNIT VECTOR TO SUN

AU(5)=CALS
AQ(6)=SALS*COB
A0 (7)=SALS*S0B

RADIUS VECTOR TU SUN

PSUNSASUN® (1. ~ESUN**%2)
SLPT =CALS*CGS+SALS*SGS
AU(B)ZPSUN/ (1. +ESUNXSLPT)

TIME IN EPHEMERIS DAYS SINCE JAN 0.5 1960
T1=D=21914,

CL=CLM*CGM+SLM*SGM
SF=SLM*COM=SOM*CLM
CF=CLM*COM+SLM*SOM
SD=SLM*CLS=SLS*CLM
CO=CLS*CLM+SLS*SLM
S2L=2.xSLxCL
C2L=2¢%CL*%2~1,
520=2.%S50%CD
CeD=2+.%COxx2~1,
S2F =2+ %SF*CF
C2F=2%CF*%2=1,
SLPP=SL*CP
Cl=5P*CL
SLMP=5LPP-C1
SLPP=SLPP+C1
SLP2D=SL*C2D
C1=S20*CL
SLM2D=5LP2D=Cl
SLP20=SLP2D+C1
CLP20=CL*C2D
C1l=5L*52D
CLM2D=CLP2D+C1
CLP2D=CLP2D-C1
SPP2D=5P*C2D
C1=52D*CP
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SPM20D=5SPP2D=~C1

SPP2D=5PP2D+C1

C1=SL*C2F

C2=S2F*CL

S4D=2.*S2D*C2D

CuD=2+.*C2D**2~1.,
S=LM=OM+,1096%SL =, 0222%S1.M2D+,0115%S2D+.0037%52L

APPARENT LONGITUDE OF MOON

ALM = 206265.*%LM+22640,%SL=4586.*SL.M2D

. +23704%S2D0+769 4 ¥S2L-668 ¥ SP-412 4 ¥S2F
. =212 % (S2L%C2D=52D*C2L) =206, % (SLPP*C2D=-S2D* (CL*CP=SL%*SP))
. +192+%SLP2D~165.%SPM2D+148 4 *SLMP=125,%*SD
ALM =(ALM=109.*SLPP=55,%(S2F*C2D=S2D*C2F ) ~45.x (C1+C2)
. +40.%(C1=C2)=38¢x (SLKkCUD-SUD*CL) +1U4 ok (, 75*SL=SL**3)
. =024 *SLM2D*CLM20+28,* (SLM2D*CP=SP*CLM2D)
. =24, xSPP2D+19.* (SL*CD=SD*CL)+18,* (SP*CD+SD*CP)) /206265,

SALM=SIN(ALM)
CALM=COS (ALM)

APPARENT LATITUDE OF MOQON

ALAT=(18520*%SIN(S)*(1,-,00293%SIN(1.,403808~-,0009242203%T1))
. =31 % (SF*CLP2D=SLP2D*CF) =25+ % (SF*C2L~S2L*CF)

. =23 ¢ % (SPM2D*CF+SFx (CP*C2U+SP*S20) ) 421 « ¥ (SF*CL-SL*CF)

. =526+ % (SF*C2D=S2D%CF) +44, % (SLM2D*CF+SF*CLM2D) ) /206265,

SALAT=SIN(ALAT)
CALAT=SQRT(1,=SALAT**2)

INERTIAL UNIT VECTOR TO MOON

CL=CALAT*SALM
AD(1)=CALAT*CALM

A0 (2)=C1*COB-SALAT*S0B
AG(3)=CLl*xSOB+SALAT*C0B

RADIUS VECTOR TO MOON
AQ (4)=PMOON/ (1, +EMOON*CL)

RETURN
END

@ ELT EXTCFr1r070830r 47586

@ EOF

9

SUBKOUTINE EXTCF

DOUBLE PRECISION XNODE»XDNODE s TNOD

DOUBLE PRECISION BrCrALPHAPFNsFI»SUMySUML»CC
DIMENSION B(20)

COMMON/NODE/ XNODE (2009 3) » XONOUE(200¢3) » TNOD(200) ¢ C(20) 2 CC(20) »
IKK2JL e NDIFF o NEXToKEXT» INODE

N=NEXT

K=KEXT

FN=N

ALPHA==1.,DO/FN

5(1)=(1.00=ALPHA) /72,00

C(1)= 1.00-B(1)

CC(1)==-B(1)

D0 1 I=2/K
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B = (FI=ALPHA) #B(I=1)/(FI1+1.00)
SUM=0.00

SUM1=0.00

L=l=2

Vo 2 J=iel

M=y
SUMLZSUM1+8(J)*CC M)
SUMSSUM+3 (J) *C (M)
CClI)==(SumML+BLI))
CI)=1.00=(SUM+BLI))

RETURN

END
R ELT FiITe10670830s 47587
8 EOF w

SUBROUTINE FIT(NeORDERLeAITyX)
¢
C N NUMBER OF POLYNOMIALS TO FIT
c ORDERL ORUER PLUS ONE OF POLYNOMIALS
C A (ORDERL1eN) COEFFICIENTS OF POLYNOMIALS
C T POINT AT WHICH TO EVALUATE POLYNOMIALS
c X (N} VALUE OF POLYNOMIALS AT T
C

100

200

8 ELY
W EOF

P ELT
@ EOF

» %

INYEGER ORDER1

DOUBLE PRECISION AlSe9)eTLloX(9) T

T1=1.,000

00 100 J=1»N

XtII=A(LeJ)

DO 200 I=2+0RVERL

T1=2T*T)

D0 200 J=1+N

X=X +TLxALL D)

RETURN

END

EKOIFFe106708300 47588

W

SUBROUTINE FXDIFF(ARRAYIDIFFIKoMo)

VOUBLE PRECISION ARRAYIDIFFeFKsBINCIFI»SUM

DIMENSION ARRAY(100:3)¢DIFF(200¢3)¢BINCL20)

IFIK=2)10202

OLIFF (K oN)SARRAY (Mo} =ARRAY{M=10¢N)

60 TO &

FKSK

BINCLL)=FK

SUMSARRAY {MenN)=BINC{1)®ARRAY (M=1sN)

0O 3 I=2eK

FI=1

BINCCIIS(BINC(I=1)*(FK=FI+1.000))/F1

=M=}

SUMSSUM+ ((=1,000) *»*]1=BINC{1)*ARRAY(L¢N))

DIFF{KoN)SSUM

RETURN

ENO

FRCS+1,671009, 48541

5]

SUBROUTINE FRCS

DOUBLE PRECISION XoeXDeXDDoXXUD¢DIFFICOELsTToT»TREQe TOUT»THETGO
THDOT19o THDOT2+DMINIETIME »GMs AE+ReRSQ1RQe THETG»
CrUAYL1+CENTERIDAY22»VARD(9) vEQe TTRANS DAY FDAY»
DSTART+DSQRTTC1»T1
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20

DOUBLE PRECISION TOL1,TOL2,»TC
DOUBLE PRECISION XYZ»EMASS
COMMON/WORKER/X(200+3) »XD(200+3) y XDD(200¢3) » XXDD(3) +DIFF (60¢3) »
* COEL TT»T»TREQr TOUT »K» NORD
COMMON/LIMITS/TOL1»TOL2+TCrISCTrISWT(30) rSW(20) »ORDERsL1+L2¢MODE
COMMON/CONSTL1/THETGO(10) » THDOT1» THDOT2,DMINsETIME» IYBEG
COMMON/CONST2/6Mr AE+RyRSQ+RQ» THETG» TC1
COMMON/CONST3/EMASS(2) » XYZ(4) oLS
COMMON/COFIT/C(5,9) »DAY1,CENTER»DSTART
COMMON/TIMES/TAB»COWLFORCS
LOGICAL ISWTe,SW
EQUIVALENCE (VARD (9) »EQ)
CALL CLOCK(XE)
R5@=0,D0
00 5 I=1,3
S RSQ=ZRSQA+X(KrI)*x%x2
R=DSQRT (RSQ)
RG=RSA@*R
IF(ISWT(21)) 60 TO 10
IY1=1YBEG-59
DAY2=DSTART+T*TC1
TTRANS=DAY2-CENTER
T1=1.00
DO 103 J=1,9
100 VARD(J)=C(1,J)
DO 200 1=2,5
T1=TTRANS*T1
DO 200 J=1,9
200 VARD(J)SVARD(J)I+T1xC(1,J)
DAY=AINT(DAYR)
FOAY=DAY2-DAY
THETG=THETGH (IY1)+THDOTL+DAY+THDOT2*FDAY+EQ
CALL EGRAV
IF(.NOT.ISWT(22)) GO T0 8
COMPUTE LUNAR GRAVITY EFFLCTS
DO 9 I=1.,4
9 XYZ(I)=VARDI(I)
LS=1
CALL SLGRAV
8 IF(.NOTLISWT(23)) GO Yo 16
COMPUTE SOLAR GRAVITY EFFECTS
DO 14 I=5.8
IN=I-4
14 XYZ(IN)=VARD(I)
LS=2
CALL SLGRAV
16 IF(.NOT. ISWT(24)) GO TO 18
DO 7 1=5,7
INSI=4
7 XYZ{IN)=VARD(I)
CALL DRAG
18 IF{.NOT. ISWT(25)) GO Ty 20
COMPUTE EFFECTS DUE TO SOLAR KADIATION
DO 19 I=5:8
IN=I-4
19 XYZ(IN)=VARD(I)
CALL SHADOW (InV)
IF(IND +EQ.0) GO TO 20
CALL SOLRAD
DO 6 I=1,3
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25

XDD (K L)=XXDU(I)*TT

60 TO 25

DO 15 I=1,3
XXDD(I)==X{(K»I)/R@*GM
XDD(KeI)=XXDD(I)%TT
CONTINUE

CALL CLOCK(XR)
FORCS=FOQORCS + XR = XE
IF(R.GT«1sD0) 60 TO 30
WRITE(3,11)

11 FORMAT (1HO»67HRADIUS VECTOR OF SATELLITE LESS THAN EARTH RADIUS
*~RUN TERMINATED.)

30

P ELT
W EOF

OO0OOONOOO0O

1

*

STOP

RETURN

eND

HEMINT »1+,670830,
i

SUBROUTINE HEMINT

47590

N=ORVDER OF INTERPOLATION POLYNOMIAL = UPPER BOUND =40,
X=ARRAY CONTAINING N PLUS ONE EQUI-SPACED DATA POINTS
XD=ARRAY FOR VELOCITIES - SPLCIFICATIONS AS FOR X

H= INTERVAL BETWEEN POINTS

TI=TIME AT WHICH
T= START TIME T
FX= INTERPOLATED

POINT IS TO BE INTERPOLATED
ZERO
POSITION VALUES

FXD= INTERPOLATED VELOCITY VALUES

DOUBLE PRECISION
UOUBLE PRECISION
DOUBLE PRECISION
LOUBLE PRECISION
DOUBLE PRECISION
DOUBLE PRECISION
UOUBLE PRECISION
O0UBLE PRECISION
UOULLE PRECISION
DOUBLE PRECISION
OOUBLE PRECISION
LOGICAL ISwWTrSW

FXrFXDeFXODTI

XoXDoXDD e XXUDeDIFFsCDEL» TT» Te TREQ» TOUT
STEPD»He TEMP4»OLDT» TM» TEMP3
TOLL1»TOL2»TC

HXsHXBrHXB2
SM1rSUMI P SMUPFJ2»SHSQ» COFF

ONE ¢ TWO» THREE » VUX s ZUX» WUX

HOX e HDD o HDBX » HDDB » HX3B» HDBB » HDDBB
SMJSQeSUMIQYSMISQrAQrSMIG
FNosFIoLS'NFeS1eS»SH
SMI1eSMIZ2»FIM1eFNIZrA

COMMON/ INTERP/FX(60¢3) 9FXD(6093) »FXDD(60e3) » TIoK1leMrL

COMMON/LIMITS/TOLLeTOL2»TCrISCToISWT(30) »SW(20) »ORDERYL1 L2, MODE
COMMON/ WORKER/X (200+ 3) » X0 (200¢3) y XDD(200¢3) »+ XXDD(3) 1 DIFF (600 3)

COELeTT»TeTREQrTOUTsKeN
COMMON/TIMING/STEPD(90»3) rHe TEMPU»OLDT » TMe XM YMr ZM e XS
IENT»ITERS INCOWL » ICH

DIMENSION A(20)
IFCISCT +GTe M)
M=ISCT
Sw(ll)=.TRUE.
CONTINUE

GO TO 2

IF(M.LT.D) SW(ll)=.TRUE.

IF(«NOT.S5W(10))
TEMP3=H

H==COEL
CUNTINUE

VU 1 J=1+3
FXx(LsJ)=0,00
FXD(L+J)=0,Du
FXob(LeJ)=0.0D0
LS=1.000
NF=1.00D0

GO TO 3
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10

15

20

25

30

50

$1=0.00

FHN=M

S=(TI=-T)/H

SH=S *H

SHSQZSH**2

DO 4 I=1.M

F1=1

SMIL=S=(FI=-1.,0D0)

LS=LS*SMIL

NFENF*F

$1=51+1.0D0/5MIL

NF=NF/FiN
ACL)=((=1.D0)**M*LS) / (NF*5) % (=1,D0)
DU S I=2M

FI=I

SMI1=5~(FI-1,.D0)
SMI=5S=(FI-2.0D0)
FNIZ2=(FN=1.D0)=(F1=2.D0)
FIM1=FI-=1.0D0
A(I)==1.0D0*%A(I-1)*(SMI2/SMI1)*(FNI2/FIM1)
CONTINUE

J=0

Fu=d

I=0

SMI=0.D0

SMIQ=0.00

SJUM1I=0.D0

SJUMIQ=0,00

LN=K1=J

FI=I

IF (J +EQe I) GO TO 20

SMlz SMI + 1,0D0/(S~FI)
SMIQ=SMIQ+1.D0/(S=FI)*%x2
SJMI= SUMI + 1,000/ (FJ=-FI)
SUMIQ=SUMIQ + 1.00/(FU=F1)*x%xc
I=I+1

IF(1 +LTe. M) GO TO 15
SMISQ=SMix*2

SMJUSW=SJUMI*%2

SMJ=S=FJ

AGSA(J+1) x%3

IF(Sw(11)) GO TO 50
COFF=A(J+1) xx2
HX=COFF=2+D0*SMJ*SJUMI*COFF
HXBZH*SMJ*COFF
HXB2=SMJ*COFF/H

D0 30 II=1,3
FXCLoII)=FX(LoII) + HXkX(LNeII)+HXB%*XD(LNeII)
FXDILeII)DSFXO(LPII) + HXkXD(LNeII)+HXB2%XDD(LNeII)
J=J+1

Fd=d

IF(J LT, M) GO TO 10
IF(eNOT.SW(10)) RETURN
HZTEMP3

SW(l0)=.FALSE.

RETURN

COFF = 3.D0 * AQ/H

ONE= 3,D0 * SMJS@ + SuMmlq
TWO= SMJ =~3.D0 * SMU**2 x SJMI1
THREE= 3.D0 * SMISQ@ = SMIQ
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VJX= 1,00 + 3,00/2.00 * SMJ**2 * ONE = 3,D0 * SMJ * SJMI
ZJX=  H¥%2/2,D0 * SMJ**2

WJX= HxTWO
HX=(1+D0 + 3.00/2,00*SMJ**2 *x (3.D0 * SMJUSQ + SJUMIQ)
* = 3.D0 * SMU*SUMI) *AQ

HDX= (VJX* SMI + SMJ * ONE = SJUMI)x COFF

HDD= (ONE + ©6.D0 % SMI * SMJ % ONE - 6,D0 * SMI*SUMI

* + VUX * THREE) * COFF/H

HXB = (SMJ =3.D0*SMJU**2xSUMI) * H * AQ

HDBX= (3.D0 * TWO * SMI + 1.D00 = 6.D0 *x SMJ * SUMI)* AQ

HODB = ( =2.,00 * SJUMI + 2.D0 * SMI =12.,D0% SMJ * SJUMI * SMI
* + TWO * THREE) * COFF
HXBB 0eSD0*HX%2xSMJI% %22 AQ

HDBB = (3.D0/2.D0 * SMJU *%2 * SMI + SMJ)xH*AQ

HDDBB= (1.D0 +6.00 * SMJ *SMI +3.D0/2.00 * SMJ**x2 x THREE)=*AQ

DO 60 II=1,3

FXCLeIDI=FX(LeII) + HX * X(LNeII) + HXB*XD(LN»II)+ HXBBxXDD(LN»I)
1 /Hx*x2

FXD(LoID)=FXD(L» IIIA4HDX * X(LN»II) + HDBX * XD(LN,II)

* + HOBB * XDOD(LNeII)/H*x2
FXDD(LeII)=FXDOD(LoII) + HOD* X(LN¢II) + HDDB * XD(LN.II)
* + HDUBB * XDD(LNeII)/H*%2
60 CONTINUE
JsJ+l
FJd=J
IF(J «LT. M) GO TO 10
H=TEMP3

SW(10)=.FALSE.
SW(11)=.FALSE.
RETURN

END

@ ELT INPUT»1+671013, 34113
P EOF @

o000 o0 000

BLOCK DATA

DOUBLE PRECISION DRADrDTWOPI¢DRSEC» THETGO» THDOT1,THDOT2+,GMsAECS
OOUBLE PRECISION DMINsTC1sRIRSQ'RQs THETGIETIME

DOUBLE PRECISION ALTrDEN»HMr»W4E,ESQsBsRHO19RHO2+RHO3+RHOU»CNeCDP
* CAPR/EMASS» XYZr AREA»SATMAS»CD

DOUBLE PRECISION PSUN¢CSUBR¢SIGMAF

COMMON/CONST/DRAD»DTWOP1+»DRSEC»RAD»RSEC
COMMON/CONST1/THETGO(10) » THOOT1 ¢ THDOT2,OMINIETIME» IYBEG
COMMON/CONST2/6GMsAE/R*RSQrRQ» THETG» TC1
COMMON/CONST3/EMASS(2) » XYZ(H) #LS

COMMON/CONSTH4/PSUN» CSUBRySIGMA»F
COMMON/PERTSIALT(QI)'DEN(41'2)pHM(“OvZ)vWE'ESQoBoCNvCDPvRHOI'RHO%
* RHO3»RHO4» CAPR+AREA»SATMASCD»MD
COMMON/CSUN/ASUN ¢ PMOON ¢ EMOON» TASUN(10)
COMMON/FMODEL/CS(20,23) » INDEX1s INDEX3

CONVERSION FROM DEGREES TO RADIANS
TWO PI IN RADIANS

DATA DRAD/,017453292519943296D0/»DTWOP1/6,2831853071795864D0/ ¢
CONVERSION FROM SECONDS OF ARC TO RADIANS = DOUBLE AND SINGLE PREC.
CONVERSION FROM SECONDS OF ARC TO RADIANS

* DRSEC/.484813681109536D=5/+RAD/+0174532925/yRSEC/ ., 484813681E=5/

RIGHT ASCENSION OF GREENWICH AT JAN 0.0 FOR 1960-1969 IN DEGREES
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OO0 OO0

DATA THETGO /98.6740065D0¢ 99.4209347D0¢» 99.1822166D0,

. 98,+9434986D0r 98.7047825D0r 99,4517117D0,

. 99,2129936D0r 98.9742765D0r 98,7355595D0¢
99.4824896D0/

MEAN ADVANCE IN RT ASC OF GREENWICH PER MEAN SOLAR DAY IN DEGREES
MINUTES IN 5 DAYS

* THDOT1/.,9856473354D0/+DMIN/7200,D0/
GRAVITATIONAL CONSTANT TIMES MASS OF EARTH IN CANONICAL UNITS
SEMI-MAJOR AXIS OF REFERENCE ELLIPSOID IN VANGUARD UNITS OF LENGTH
DATA GM/1.D0/+AE/1.D0/
RATIO OF MASS OF SUN TO MASS OF EARTH
DATA EMASS(2)/332948.55D0/
RATIO OF MASS OF MOON TO MASS OF EARTH

DATA EMASS(1)/.01230012300/

COMMON BLOCK /CSUN/ CONTAINS CONSTANTS NEEDED TO COMPUTE SOLAR AND
LUNAR EPHEMERIDES

SEMI=MAJOR AXIS OF EARTH'S ORBIT AROUND SUN IN METERS
DATA ASUN /+1496E12/

SEMI LATUS RECTUM OF MOON'S ORBIT IN METERS

. PMOON /.384750902E9/+

ECCENTRICITY OF MOON'S ORBIT

. EMOON /.054900489/»

TRUE ANOMALY OF SUN AT JAN 0.0 FOR 1960-1969 IN DEGREES

. TASUN /3.5727587, 2.8430634, 3,0989676» 3.3548717,
. 3.6107759, 2.8810806r 3,1369846» 3.3928890
. 3.6487942y 2.9190979/

COMMOS BLOCK CO$ST3 = CSUBRZRADIATIOS COSSTAST
PSUN=SOLAR RADIATION PRESSURE IN DYNES/CM**
DATA PSUN¢CSUBR/4,50~0502.0D0/

COMMON BLOCK PERTS PARAMETERS FOR ATMOSPHERIC DENSITY AND DRAG.

ALTITUDE IN KM

DATA (ALT(I)rI=1941)/0,D00.2D+029 .4D+02¢.60+02+.8D+02¢.1D+03»
012D+037 4 14D+03¢416D+03+.18D+03+ .2D+03»
022D+03¢ 4 24D+037+26D+031,28D+03¢ «3D+03»
«320+0372 4 34D+037 ¢ 360403+ +38D+03» 4 4D+03»
«42D+037 s 44D+03+ 4 46D+03» +48D+03¢ . SD+03»
«52D0+03¢ +SUD+039 « SOD+03¢ «S8D+030 « 6D+03»
«640+032 «68D+03¢472D+03¢ 4 76D+031 «8D+03»
o 8U40+039 4 88D+039492D+039.96D+039 . 1D+04/

ATMOSPHERIC DENSITY IN SUNLIGHT = GMS/KM**3

OATA (DEN(If1)1=1041)/. 12250+13v.88910+11v.399570+10'.3059&D+09

LR K R IR R O

* ¢19990+08r 4974D+06+9 « 24904059 ¢ 3961D+04
* «12550+04» 454420403+ ,27990+03+ 4, 1596D+03
* +97280+029 462190402+ «4119D+02+ ,2805D+02»
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«19530+02+.13850+02¢.9976D+01+,7282D+01

«53760+01,.4033D0+01,.3034D+01/,,22990+01,

+1754D+401/,.1349D+01+,1038D+01,.8043D+00

+626D+00¢ .4892D+00+ + 38380400+ ,2388D+00»

+1507D+00+,9658D=01¢ .62890=01+ ,417D-01r

+291D~01+,2075D0~01/,,15D-01+4111D0=-01"

«84D=02/

c ATMOSPHERIC DENSITY IN EARTH'S SHADOW

DATA (DENCIv2)9I=1,41)/.1225D+13,,8891D+11¢,39957D+109,30592D+09,
.19990#080.u9740+06o.249D+059.4104D+04'
¢ 12820404+ .5109D+03+.23270+03»+1159D+03»
«6174D+02y ,34670+029,2031D402/1+,1231D+02)
«76750+01 9 ,4894D+019+3178D+01/.2094D+01»
139704019 ,96250+00¢ , 65520400+ « 44970+00»
«31090+00+,21660+00++152D+00+¢«1076D+00°
«76850=01+,5545D0=01¢ . 4047D0=-01+.2244D~01
+1325D=019.83970-029¢5713D~02¢ . 4143D=02»
«315D=02¢.252D=021 .208D=02+ +17650=02
«151D-02/

L 2K 2K 3K BK 3R R J

L 2K IR S BE BE BB BE SR BN J

c DRAG CONSTANTS
DATA WE+CN+CAPR»CD/.588336903074954198D=01,298,25D0°
* 6378.166D0:2.300/

c AREA AND MASS OF SATELLITE
OATA AREA/SATMAS/,914838700+04+«635029350+05/

C

(o DIFFERENTIAL CORRECTION PARAMETERS AND ANGLE OF ATM. BULDGE
DATA RHO1»RHO2¢RHO3+RHO4/ 3%U.D0¢30.D0/
DATA MD/e/

C

C COMMON BLOCK /FMODEL/ CONTAINS THE GRAVITATIONAL COEFFICIENTS AND

C THEIR INDEXES

c

c INDEXES FOR COEFFICIENTS
DATA INDEX1eINOEX3 /16¢16/

Cc

Cm====C{2+0) THRU C(20:0)
DATA (CS(Iv1)eI=2+20) /=1082.6450=6¢2.546D=6+1,649D=6+,210D=6"
. - 6U4ED=61 4333060 ¢270D0=67.530D=71 . 54007+
[ -.3020-6'03570—6'l1140‘6'-1790-6'6*0000/

c

Cem====C(2¢1) THRU C(20/,1)

C
DATA (CS(I9v2)01=2020) /0.0002¢091D=6+~,543D=6¢=46770=71=e037D~6+
. .1440‘6!'.052D‘6000760‘6906“90'70'.3130-%
. =-,9230=710.,00¢=~,788D-8:6%0.D0/

C

Cm====C(2¢2) THRU C(20:2)

C
DATA (CS(Iv3)rI=2+20) /1.536D=60¢2510~6¢+738D-79.1020-6+.8580-8»
. 03630-7!0213SD°8'-02770-9'-06240-8'0000'
. -, 4900~8+8%0.,D0/

C

Cmmmmw C(3¢3) THRU C(20,3)

C
DATA (CS(Iel4)r1=3+20) /-7320'71c5090'7v--1720'70--1120'8'.3520“8,
. =, 3740=920,00+=,379D0-9¢10%0,D0/

c

Cm====C{4,4) THRU C(20¢4)

C

DATA (CS(I+S)eI=4020) /=.1120-8¢=,2060=8¢=.167D-9¢~.3230=9»
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~e277U=9+0.D0r=,4360=10,10%0.D0/

g——---C(S-S) THRU C(20.,5)

‘ DATA (CS(I+6)+1=5,20) /«384D=9r=42530=91+2690~10+~,959D=11+12%0./

c */

C=====C{6r6) THRU C(28+06)

¢ DATA (CS(I¢7)¢126+20) /=,9320=11+=,145)=~10s=.475D=1212%0,D0/

g-----C(7v7) THRU C(20+7)

¢ DATA (CS(I;B):I:?oZd) /+102D-11v=.4440-13/,12%0,D0/

g—----C(BrB) THRU C(20,8)

¢ DATA (CS(Ie9)r1=8+20) /=.3160~12,12%0.D0/

g-----C(999) THRU C(20,9)

¢ DATA (CS(I+10)91I=9¢20) /6%0.00s=.241D~18+5%0,00/

g-----C(IOvlo) THRU C(20+10)

¢ DATA (CS(I»11)+I=10+20) /11%0,DO/

g-----C(llvll) THRU C(20011)

¢ DATA (CS(I+12)¢I=11020) /3%0.009.947D=21+6%0,00/

g-----c(12o12) THRU C(20¢12)

¢ DATA (CS(I»13)s1=12+20) /*.27830-18:-.1100-180.5040-19.--1140-19,
5*0.D0/

c

Coe===C(13+13) THRU C(20,13)

¢ DATA (CS(Is14)¢1=13¢20) /-¢216D~19+0.,D0¢r=41170=20,5%0.D0/

g—-f--C(lu.lu) THRU C(20+14)

‘ DATA (CS(X+15)01=14+20) /=¢1931D=21+,114D-22,5%0,D0/

g—----C(ISvIS) THRU C(28+15)

‘ DATA (CS(Ir16)9I=15r20) /6%0.D0/

E----—C(16v16) THRU C(20r16)

DATA (CS(I+17)+1=16+20) /5%0.D0O/
C=====C(17+17) THRU €C(20:17)

c

DATA (CS(1918)+1=17920) /4%0.D0/
C
C==-==C(18r18) THRU C(20+18)
C

UATA (CS(I,19)+1=18+20)/3%0.00/
c
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Co====C(19+19) THRU C(20,19)

c

DATA (CS(I,20)91=19920) /2%0.00/
c
Cm=—==((20,20)
C

DATA CS(20.21) 70,00/
c
C=====5(20+0) THRU S$(2+0)
C

DATA (CS(I,23)¢1=1¢19) / 19%0.DO/
c
Cm====5(20¢1) THRU S(2,1)
C

DATA (CS(I1,22)91=1+19) /6%0D0+,280D=8+0+00r=.040D=67.0880=T»

. =e7790=79 « 784D=8¢ , 045061 1140-6"02120-7)

. =+ 8820=Tr~,445D=6+.287D=6+0.D0/
C
Cm====5(20r2) THRU S(2,2)
C

DATA (CS(I¢21)¢1=1+19) /8%0.,00+=4023D-8r0.D0r»~+250D0-8+,242D~8"

. e 320081 ,162D=7¢ =, 455D=7r=43750~7+ . 148D~ é’

. ~e184D=6,~,872D=6/
o
Cm====5(20+3) THRU $(3+3)
(o

DATA (CS(I,20),1=1¢18) /10%0.D0+,1750=-920.00».404D=10¢,254D-9,

. o 6430=9¢ , 231099 ~=,1140=7+.2260~6/
c
Cmm===5(2004) THRU S(4,4)
c

DATA (CS(Iv19)91=1s17) /lO*OoDOO-.6540-10'0-009-.1570'10v-.2170-z

. -01960-8' .Q9BD—9v 4860~-8/
o
Cre===5(20+¢5) THRU S(5,5)
C

DATA (CS(I+18)¢r1=1916) /12%0eD0r¢214D0-109,1910~10+=¢3700-9,

. -+ 1460=8/
C
C=====5(2006) THRU S(6+6)
c

DATA (CS(I»17)sI=1+15) /12%0,009.888D-11¢,4730~11,=.361D~10/
C
Comm===5(2007) THRU S(7,7)
c

DATA (CS(Isl0)eI=1rll4) /12%0.00r.158D~12r,0180~10/
C
C=m===5(20+8) THRU S5(8:8)
c

DATA (CS(I+15)91=1+13) /12%0.D0rs1300-12/
C
Co====5(20+9) THRU 5(9:9)
C

DATA (CS(I1+14)91=1¢12)/5%0.D0r=o483D~18+6%0.D0/
C
Co=====5(20¢10) THRU S(10010)
C

DATA (CS(I,13)eI=1s11) /11%0.D0/
c

Co====5(20+11) THRU S(11r11)
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DATA (CS(I»12)+1=1+10) /6%0.,00+=.473D~21¢3%0,D0/

g-----5(20v12) THRU S(12,12)

¢ DATA (CS(Ie11)¢I=1¢9) /5%0.D00+,10680~19r=,1500=19+.9330=19
«7180-20/

g--—--S(ZO:lB) THRU S(13,13)

‘ DATA (CS(I+10)+I=1+8) /5%0,D0s=,928D=21+0,D0r.282D0~19/

g-----S(ZOvlu) THRU S(14r14)

z DATA (CS(I+9)¢I=1+7) /S*0.D0¢=,558D=22~.4138D-22/

Ce====5(20+15) THRU S(15:15)
‘ DATA (CS(I+8)r1IZ1+6) /6%0.D0/
g--—--S(ZOvlb) THRU S(16016)
‘ DATA (CS(Ir7)91I=1+5) /5%0.D0/

Co====S5(20r17) THRU S(17+17)

c
DATA (CS(Ie6)rI=1r4) /4%x(.00/
c
C=====5{({28+18) THRU S(15:18)
o

OATA (CS(I»5)s1=1+3) /3%0.D0/

c
Coe===5(20+19) THRU $(19:19)
o
DATA (CS(I4)eI=1s2) /2%0.D0/

Cmm=e==5(20+20)
c

DATA CS(1+3) /0.00/
c

END
@ ELT OUTPUT»1,670830r 47591
¥ EOF @

SUBROUTINE OUTPUT

DOUBLE PRECISION TOUT»TX»TXDrEVIEVDr XrXDe XDD e XXDDrDIFFeCDELY TT» T

10T »TOL1»TOL2sTC»BEGTIMIENDTIM,BEGT2+DSQRT, TREQ

DOUBLE PRECISION FXeFXDeFXDDeTI»TIME

DOUBLE PRECISION DRAG/DN

DOUBLE PRECISION RSAVE

LOGICAL ISWT,SW

INTEGER ORDER

DIMENSION TX(3)TXD(3)

COMMON/WORKER/X(200+¢3) ¢ XU(200¢3) » XDD(200¢3) » XXDD(3) +DIFF(60¢3)»

1 COELeTT»T»TREQ»TOUTrKeN

COMMON/INTERP/FX(6003) rFXD(60r3) 1 FXDD(6023) e TIoK1eMoML

COMMON/LIMITS/TOLL»TOL2sTCrISCTISWT(30) »SW(20) rORDERYL1v12¢MODE

COMMON/OPT/BEGTIM/ENDTIM,BEGT2

COMMON/DDRAG/DRAG(3)

COMMON/BRIEF/RSAVE (10)

101 FORMAT(1HO»21HNORM OF ERROR VECTORSB8X2HE=D2U.16¢5X5HEDOT=D24.16)
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107
108
109
110

57

23

24

26

22

20

25

32

i ELT
w EOF

1

FORMAT(1HO » 15X1HT27X1IHX30X1HY28X1HZ)

FORMAT(4(5X+D24,16))

FORMAT(14XSHR X Vel15X93(D24.1695X))

FORMAT (1HO»14Xr20HNORM OF DRAG VECTOR=D24,16)

TOUT=T/TC

IF(,NOT. ISWT(7)) GO TO 57

IF(TOUT LT «BEGTIM.OR« (TOUT¢GT¢ENDTIM.AND+ TOUT.LT.BEGT2))RETURN

WRITE(3¢107) :

IF(ISWT(8)) GO TO 20

WRITE(32,108) TREQe (FX(M1oI)»I=1/,3)

CON=DSART(FX (ML 2)%FXD{MLr3)=FX(M1¢3)XFXD(ML1¢2))%*%x2
* F(FX{ML1r3)RFXD(MLr L) =FX(M1e1)%kFXD(M1e3) ) *%%x2
* FFX ML L) *FXD(M122)=FX(M1,2)%xFXD(M1r1))*%2)

WRITE(30108) CONe (FXD(M121)eI=1+3)

IF(ISWT(12)) GO TO 26

UN=0.0D0

DO 23 I=1,3

DN=AMAX1(DABS(DRAG(I)) +DN)

IF(DNeLE+O.DO) GO TO 24

WRITE(3,110) DN

CONTINUE

RETURN

TIME=T

T=T1

CALL TRANS(TX»TXD)

T=TIME

EV=0.00

EVD=0.D0

DO 22 I=1+3

EVSAMAXL(DABS(FX(M1sI)=TX(I)) EV)

EVD=AMAX1{DABS(FXD{(ML»I)=TXD(I))EVD)

RSAVE(3)=EV

WRITE(30101) EV.EVD

RETURN

CONTINUE

WRITE(32108)TOUTr (X(KoI) ¢ I=103)

WRITE(30109) (XD(KesI1) 2 I=1,3)

CONZDSQRTLIX(Kr»2) %XD (K e 3) =X (Ke3)xXD(K?2) ) k%24 (X(Kr3)xXD(Ky1) =X (K
LIRXD(K23) ) k%2+ (X (Ko 1) %kXD(Ko2) =X (Kr2) *XD(Kr 1)) %*2)

WRITE(3»108)CON #XXLD

IF(.NOT. ISWT(12)) RETURN

CALL TRANS(TX»TXD)

EVZ0.00

tvD=0.00

DO 32 I=1+3

EV=AMAXLI(DABS(X(Ks 1) =TX(1)) PEV)

EVO=AMAXL(DABS(XD(K1)~=TXD{(1))»EVD)

RSAVE (3)=EV

WRITE(3,101)EVIEVD

RETURN

£ND

PCCOFF e 19670830 47592

™

SUBROUTINE PCCOFF (SIGMA»GAMMA»SIGMASGAMMAS M)

CALCULATES PREDICTOKR CORRECTOR COEFFICIENT M GIVEN M-=1 COEFFICIENT

VOUBLE PRECISION SIGMAoGAMMA-SIGMAS-GAMMASv51v52v53'SQoH-X1rx2oFM)
1FI

DIMENSION SIGMA(63) » GAMMA(O3) » SIGMAS(63) » GAMMAS(63) 1H(63)

IF(M=2)1¢2¢3

SIGMA(M)=1,00L0
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10

W ELT
@ EOF

1
92

30

SIGMAS(M)=1,0D0

GAMMA(M)= 1.000

GAMMAS(M)=1.0D0

H(M)= 1.0D0

60O TO 10

SIGMA(M) =0.000

SIGMAS(M)= =1.0D0

GAMMA (M)=0,5D0

GAMMAS (M) ==0.5D0

H(M)= 1.500

G0 TO 10

$1=0.000

$2=0.,000

$3=0.,0D0

S4=0.,0D0

FM=M

H{M)=H(M=1)+1.0D0/FM

J=M~1

DO 4 I=1,J

FI=1

X1=1,000/(FI+1.0D0)

X2=2.0D0/(FI+2.,0D0)

K=M=1

L=1+1

S1=S1+X1*GAMMA(K)

S22S52+X1*GAMMAS (K)

S3=S3+X2xH(L ) *SIGMA(K)
SY=Su+X2*H (L) *SIGMAS(K)

GAMMA(M)=1.000-51

GAMMAS (M) =~S2

SIGMA(M)=1.000-53

SIGMAS (M) ==S4

RETURN

END

RESUME»1,670830» 47593

4]

SUBROUTINE RESUME

DOUBLE PRECISION TOL1,TOL2,TC

DOUBLE PRECISION RSAVE»TEMP

LLOGICAL ISWT.Sw

DOUBLE PRECISION STEPD TEMP3»TEMP4/»OLDT»TM
DOUBLE PRECISION XrXD2XDD¢XXDDsDIFF+COEL  TT»ToTREQ,TOUT
COMMON/WORKER/X (2000 3) # XD(200+3) ¢+ XDD (2081 3) e XXDD(3) s DIFF(60¢3)»
1 CUELeTT+T»TREQrTOUT»KeN
COMMON/LIMITS/TOLL» TOL2+TCrISCToISWT(30)»SwW(20) »ORDERIL1»L2¢MODE
COMMON/TIMING/STEPD(90+3) v TEMP3» TEMPU s OLOT e TMe XM» YMe ZM» XS
* IENTITERS INCOWL» ICH
COMMON/TIMES/TABCOWL»FORCS
COMMON/BRIEF/RSAVE(10)

INSERT CODING FOR RESUME

IF(.NOT. SW(13)) GO TO 1

IF(MODE+EQe3 +OR. MODE.EGe4) GO TO 58
TEMP3=TEMP4

J=1

IF(DABS(TEMP3=STEPD(Jr1)) oGTs 1.D-13) GO TO 90
STEPD(Jr2)= STEPD(Jr2) + DBLE(ZM)
STEPD(Jr3)= STEPD(Jr3)+ TM™

IF(Sw(13)) GO TO 58

RETURN

JoJ+l
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c

IF(J.LE.IENT) GO TO 92
IF(IENT.6T.89) 60 TO 190

IENT= IENT + 1
STEPO(IENT»1)=TEMP3
STEPOUIENT»2)=DBLE (ZM)
STEPD(IENT¢3)= TM
IF(.NOT. SW(13)) RETURN
58 IM=YM=XS
XS=YM
TAB=TAB/60.D0
COWL=COWL/60.,00
FORCS=FORCS/60,0L0
IM=ZM/60.,
WRITE(3+360) TABrCOWLPFORCSeZM
360 FORMAT (1Hl» /////779 47X» 27THTIMING BREAKDOWN BY ROUTINE //»
1 17X+ SHTABLEr 24X» SHCSTEP» 24X, 4HFRCSe 25X»
2 9HTOTAL RUN /(4(5XsE24.8)))
WRITE(30362) (RSAVE(I)»I=1,3)
362 FORMAT (1HO // 32x+ 13HINITIAL ORDER 10Xs 12HINITIAL STEP 10X,
* L1IHFINAL ERKOR / 33Xr 3(D12.5,10X))
AITER = FLOAT(ITERS)/FLOAT(INCOWL)
WRITE (3,365) AITER
365 FORMAT (1HO //// 41Xr 37HAVERAGE NUMBER OF ITERATIONS IN CSTEP//
1 48X» E24,.8)
WRITE(3»366) INCOWL
366 FORMAT (1HO0//// 50X» 28HTOTAL NUMBER OF COWELL STEPS//¢57XeI112)
IF(MODE.EQ¢e1l +OR, MODE.EQe2 +AND« IENT.G6T41) GO TO 76
STEPD(1¢1)=CDEL/TC
STEPD(1,2)=DBLE (ZM)
STEPO(1,3)=T/TC
WRITE(30370) (STEPD(1,1)0sI=1¢3)
RETURN
76 IT=IENT=-1
D0 80 I1=1,IENT
STEPD(ILls1)=STEPD(IL1)/TC
STEPD(I1,2)=STEPD(I1,2)/60.D0
80 STEPD(I1,3)=STEPD(I1¢3)/7C
78 DO 77 I=1,1T7
12=1
DO 77 LR=I201T7
IF(STEPD(LR+1+1) ,6T.STEPD(Iv1)) GO TO 77
DO 79 J=1+3
TEMP= STEPD (LR+1,J)
STEPD (LR+1/»J)=STEPD(I,J)
79 STEPD(I»J)=TLMP
77 CONTINUE
WRITE (3+370) ((STEPU(I+J)eJ=193)eI=1»IENT)
370 FORMAT (////7//» 22X» OHSTEP SIZE 27Xr 8HRUN TIME» 21X»
* 10HORBIT TIME (//+ 20Xr D24.16¢5X0D24,16915X1D24.16))
RETURN
ERROR EXIT
190 IF(.NOT. SW(13)) RETURN
WRITE(3,290)
290 FORMAT (49HOSTEP CHANGES GREATER THAN 90. RESUME TNCOMPLETE.)
RETURN
END

@ ELT RKr1+,670830» 47596

0]
c

EOF ®
SUBROUTINE RK
SHANKS R=K ROUTINE ORDER 8
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DOUBLE PRECISION XeXDsXDDsHeT» TIMESFrRKLIRK27RKI1RKY4 P RKS+RKO#RKT7,X
11¢XD1»RK8+RKGrRK102» XXDDeDIFF+CDELs TTeTOL1,TOL2»TC» TREQe TOUT
' DCUBLE PRECISION H1l.H2
DOUBLE PRECISION CSTEPT
INTEGER ORDER
LOGICAL ISwT,SW
DIMENSION FLB)»RK1L(B) PRK2(6) rRK3(6) +RKU(6) »RK5(6
1) 1RK6(6) +RKT7(6) rRKB(6) yRKI(6) +RK10(0) #X1(3) ¢ XD1(3)
COMMON/WORKER/X(20003) »XD(200+3)»XDD(20003) 2 XXDD(3) v DIFF(60+3) ¢
1 COEL TT+TrTREQr TQUT¢KeN
COMMON/RKT/CSTEPT
COMMON/LIMITS/TOL1»TOL2,TCrISCTPISWT(30)SW(20) »ORDERrL1sL2,MODE
COMMON/RKST/HLlrH2
IF(SW(1)) 6O TO 110
H==~H2
LL=3
DO 73 I=1+3
X(KeT)=X(K+10 1)
73 XD(KeI)=XD(K+1/,1)
82 IF(CSTEPT.LE.(T+H)) GO TOo 120
G0 T0 61
110 LL=1
H=H1
IF(Sw(12))H=H2
DO 74 I=1,3
X(KeI)=X(K=1,1)
74 XD(K»I)=XD{(K=1,1)
130 IF(CSTEPT.GT.(T+H)) GO TO 120
61 LL=2
H=CSTEPT~T
120 TIME=T
DO 1 I=1+3
X1(I)=X(Ke1)
1 XDI(I)=XD(Ke 1)
‘ D0 50 L=1.10
DO 2 I=1:3
F(I1)=XD(Krs1)
2 F(I+3)=XXDD(1)
GO TO (100,20930e400r52¢60970¢80,90¢100) L
10 DO 3 I=1+6
3 RKI(I)=H*F(I)
DO 4 I=1,3
X(KeI)=XLC(I)+RK1(]) *4,000/27.000
4 XD(KeI)=XDL(1)+rRK1(I+3)*4,0D0/27,000
T=TIME+H%*4,000/27,0D0
60 TO 49
20 DO 5 I=1r6
5 RK2(I)=H*F(I)
DO 6 I=1,3
X(KerI)=X1(I)+(RK1(I)+3,0D0%RK2(1))/18.0D0
6 XD(KeI)=XD1(I)+(RK1(I4+3)+3,000*%RK2(I+3))/18,000
T=TIME+2.000*H/9,0D0
G0 TO 49
30 DO 7 I=1+6
. 7 RKI(I)I=H*F(I)
DO &8 I=1,3
X{KsI)=X1(I)+(RK1(1)+3.,0D0%RK3(I}))/12.0D0
8 XD(K»I)=XDI(I)+(RKI(I+3)+3,000%RK3(1+3))/12,.,000
T=TIME+H/3.000
GO TO 49
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40 DO 9 I=le6

9 RKY4(1)=H*F (1) .
U0 12 I=1+3 A
X(K»1)=X1(I)+(RK1(I)+3,000%RK4 (1)) /8,000

12 XD(KsI)=XD1 (1) +(RK1(I+3)+3.000%RKS (1+3)) /84000
T=TIME+H/2,0D0
60 TO 49

52 U0 13 1=1+6

13 RK5(I)=H*F (1)
DO 14 I=1+3
X(KyL)ZXLCI)+(13,0D0*RKL (I)=27,0D0%KK3 (1) +42,0D0*RKY (1) +8,000%RK5(
11)) /54,000

14 XD(KrI)ZXDL(1)+(13.UD0%RKL(I+3)=27,0D0*RK3(1+3)+42,0D0%RK4 (1+3)+7,
LDU*RKS(I43)) /54,000
T=TIME+2.0D0%H/3.000
60 TO 49

60 DO 15 I=116

15 RK6(I)=1*F (1)
DO lo I=13
X(KeI)ZX1(I)+(389,000%KK1 (I)=54,0D0%RK3 (1) +966.DOXRKY (1) =824 .DO*KK
15(1)+243 4 0D0*RK6 (1)) /432(.0DU

16 XU(K»I)=XD1(I)+(389.0D0*KKL (143) =54 D0*RK3(1+3)+966.D0%RKY (1 +3) =52
144 0D0*RKS (1+5) 4243, UU0*RK6 (I1+3) ) /4320.000
TZTIME+H/6 4000
60 TO 49

70 00 17 I=1+6

17 RK7(I)ZH*F (1)
DO 21 I=1:3
X(Ke1)ZX1(I)+(=231,0D0%RK1(I)+81,0D0%RK3(I)=1164.DO*RK4 (1) +656,00%
LRK5(1) =122, 000%RKo (1) +800+0D0*RK7 (1)) /204000

21 XO(KeT)=XD1(I)+(=231.0D0%RK1 (I+3)+81.DO*RK3(1+3)-1164 ,DO*RKY (1+3)+
16564 VD0*RKE (1+3) =122, 0DO*RK6 ( 1+3) +800+ 0DOKRKT (I+3)) /20,000
T=TIME +H

60 TO 49 ‘
80 0O 22 I=1+6

22 RK8(I)=H*F(I)
DO 23 1I=1+3
X(KrI)=X1(I) + (=127 0D0*RK1(I)+18.,0D0*RKI(I)~678.D0*%RK4 (1) +456.,D0*R
1K5{1)~9.0D0%RK6(1)+576,000*%RR7(I)+4,0D0%RK8(1))/288.0D0
23 XO(KeI)=ZXDL(L)+(=127+0D0*RK1(1+3)+18.,D0*RK3(I+3) =678, DO*RKL (I1+3)+¥
156.0D0*%RKS(I+3) =9, 0D0*%RK6(I+3)+576,0D0*RKT7(I+3) +4,0D0XRKB(I1+3))/2¢
28.0D0
T=TIME+5,0D0%H/6,000
GO0 TO 49
90 DO 24 I=1lr6
24 KK9I(I)=H*F(I)
DO 25 I=1.3
X(KeI)=X1(T)+ (14814 0D0%RK1(I}=81,0D0*RK3I(1)+7104,D0*%RK4(I)=3376.D0
l*RKS(I)+72.0u0*RK6(1)-5040.0UO*RK7(I)-60.0DO*RK8(I)+720.000*RK9(I)
2)/820.0D00
25 XD(K:I)=XDl(I)+(1Q81.0DO*RK1(I+3)i81.DO*RK3(I+3)+7104.D0*RKQ(1+N-
15376.0DO*RK5(I+3)+72.0DO*RK6(I+3)-5040.0DO*RK7(1+3)-60.000*RK8(I+3
2)+720,000%RK9(I+3))/820.00D0
T=TIME+H
GO TO 49
100 DO 26 I=1+6
26 RK10(1)=H*F(I)
60 TO 51
49 CALL FRCS
50 CONTINUE
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51 DO 18 I=1.3

X(KeI)=X1(I) +(41,000%(RK1(1)+RK10(I))+27,0D0%(RK4(I)+RK6(I))+27:,
10DO*RKS(I)+216.,0D0%(RK7(I)+RK9(I)))/840.000

18 XD(KeI)=XD1(1) +(41.,000%(RK1(I+3)+RK10(I+3))+27.0D0* (RK4(I+3)+RKLH(
1I43)}1+4272,0DU*RKS(I+3)+216,000% (RK7(I+3)+RKS(I1+3)))/840.000

CALL FRCS
60 TOo (130,81:82)LL
81 RETURN
END
ELT RYMDI»1+670830r 47596
EOF @
NAME SUBROUTINE RYMDI
LANGUAGE FORTRAN 1V
MACHINE UNIVAC 1107/1108
PURPOSE TO SEPARATE PACKED SIX-DIGIT DECIMAL DATES INTO
TWO-DIGIT YEAR» MONTH» AND DAY
CALLING SEQUENCE CALL RYMDI(YMD» Yo My D)
SYMBOUL TYPE DESCRIPTION
YMD (1) I INPUT = DATE TO BE SEPARATED
Y(1) 1 OUTPUT = TWO=DIGIT YEAR
mM(1) 1 OUTPUT - TWO-DIGIT MONTH
D(1) 1 QUTPUT - TWO-DIGIT DAY
ROUTINES REQUIRED NONE
TAPES REQUIRED NONE
CARDS REQUIRED NONE

SUBROUTINE RYMDI (YMD»YeMsD)

PURPOSE = TO UNPACK YYMMDD TU YY = MM - DD
INPUT
OUTPUT

YMD
Y
M
D

INTEGER

YEAR MONTH DAY PACKED
YEAR

MONTH

DAY

(LRI ER IR

YMOeYoeMeD

Y=YMD/10000
I=YMD/100
M=I-Y*100
U=YMD=I%*100
RETURN

END

ELT SHADOW»1¢671009, 48541

EQOF W
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SUBROUTINE SHADOUW (IND)
DOUBLE PRECISION XeXDeXDDrAXUDsDIFFrCOEL»TTeTo TREQ»TOUT
OOUBLE PRECISION EMASS»XYZrCOSPSI»PROJYREARTHsDSQRT
DQUBLE PRECISION PSUNsCSUBRYSIGMAWF
DOUBLE PRECISION GMrAEsRIRSQ/RQrTHETG»TC1
COMMON/WORKER/X (20090 3) »XD{(200+3) »XDD(200¢3) 1 XXDD(3) 1 DIFF (600 3)»
* CDEL»TT»T»TREQ»TOUT /KN
COMMON/CONST3/EMASS(2) » XYZ(4) 1S
COMMON/CONSTU/PSUN CSUBReSIGMAF
COMMON/CONST2/6Ms AE+R2yRSGPRQ» THETG» TC1
C COMPUTE DOT PRODUCT =~ GET ANGLE BETWEEN SUN AND SATELLITE
COSPSI=(X(Ke1) /RIAXYZ(L)+(X(K12)/RIRXYZ(2)+(X(K¢3)/R)*XYZ(3)
c DETERMINE WHETHER SATELLITE IS IN SUNLIGHT
IF(COSPSI .LT. U.D0) GO TO 10

IND=1
RETURN
10 PROJU=DSQRT((X(Ke2) %XXYZ(3)=X(Ke3)%XYZ(2))*%x2
* FIX(Ke3)EXYZ (1) =X(Ke1)AXYZ(3)) *%2
* +HIX(Kr1)®XYZ(2)=X(Kr2)%XYZ(1))*%2)
REARTH=1.D0=Fx{ (X(Kr3)+XY2Z(3)*DSQRT(RSQ=1.00) ) *x%x2)
IND=1
IF(PROJ «LT. REARTH) IND=0
RETURN
END
@ ELT SLGRAV.1,671013» 34112
@ EOF W

SUBROUTINE SLGRAV
DOUBLE PRECISION EMASS»XYZrGMrAE/RrRSQe THETG» TC1/RSATHIRS
DOUBLE PRECISION XerXDoXDDe XXOD9DIFFeCOEL TT» T TREQ, TOUT»DSQRT
DOUBLE PRECISION DXX(3)
COMMON/WORKER/X{(20003) »XD(200+3) »XDD(200+¢3) ¢ XXDD(3) v DIFF(60¢3)»
* COELTT»T»TREQr TOUT+KeN
COMMON/CONST2/GMs AE*RrRSQ*RQAs THETG,TC1
COMMON/CONSTI/EMASS(2) 9 XYZ(U4) P LS
LO 10 I=1+3

10 XYZ(L)=XYZ(I)%xXY2Z(4)
RSATZCIX(Kol)=XYZ(1) ) k24 (X(K#2)=XYZ(2) ) *%2+(X(K?#3)=XYZ(3))*%x2)
RSAT=(DSQRT(RSAT) ) *RSAT
RSEXYZ(4) %x%x3
DXX (1) =GMREMASS(LS) *( ((X(Kr1)=XY2(1))/RSAT)I+(XYZ(1)/RS))
DXX(2) =GM*EMASS(LS) 2 ( ((X(K#2)=XYZ(2))/RSAT)I+(XYZ(2)/RS))
DXX(3)=GM*EMASS(LS) *x( ((X(Kr3)=XYZ(3))/RSAT)+(LYZ(3)/RS))

DO 3 I=1,3
3 XXDD(I)=XXDD(I)=DXX (I}
RETURN
END
® ELT SOLRADr1+,671009, 48542
@ EOF B

SUBROUTINE SOLRAD
DOUBLE PRECISION XeXDsXDDrXXCDeDIFFsCOELeTT»T» TREQ»TOUT
DOUBLE PRECISION EMASSeXYZ
DOUBLE PRECISION PSUN¢CSUBRYSIGMA/+F+RSS»DSQRT
OOUBLE PRECISION SOL(3)
COMMON/WORKER/X(200¢3) o+ XD(200Ur3) ¢ XDD(200+3) » XXDD(3) +DIFF (602 3)
* CUEL»TT»T»TREQrTOUT»K N
COMMON/CONST3/EMASS(2) e XYZ(4) LS
COMMON/CONST4/PSUN» CSUBR»SIGMAF
DO 1 I=1,3
1 XYZ(I)=XYZ(I)*XYZ(4)
RSS=DSART((XYZ(1)=X(Kel) ) **2+ (XYZ(2)=X(Ke2))*%x2
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‘ * +(XYZ(3)=X(Kr3))x%2)
00 2 I=1,3

SOL(I)=SIGMA*((XYZ(I)=X(KrI))/RSS)
2 XXDD(I)=XXDD(I)=SOoL(I)
RETURN
END
W ELT SUMS»10670830+ 47597
® EOF W
SUBROUTINE SUMS
ODOUBLE PRECISION X»XD»XDD+XXDD¢DIFFsCOEL»TT»T» TREQ» TOUT
DOUBLE PRECISION S1+52,PXePXD¢CXsCXDrCTOL»SAVE
COMMON/WORKER/X(200¢3) ¢+ XD(200+3) yXDD(200¢3) + XXDD(3) rDIFF(60+3) s

1 COEL+TT+T»TREQrTOUT+KN

COMMON/COWS/SL1(3)+S2(3) rPX(63)sPXD(63)+CX(63) rCXD(63)»CTOL» SAVE (L0
1 »3) P ITER

DO 1 I=1.,3

S1(I)=XD(KrI)*CDEL + CXD(2)%XDD(Ks 1)
S2(1)=X(KeI)= CX(3) * XDD(Ks1)
DO 1 J=1,N
SI{IN=S1(I) = CXD(J+2) * DIFF(JrI)
1 S2(11=S2(1) ~CX(J+3) * DIFF(Jr])
DO 2 I=1:3
S1(I)= XUD(KeI) + S1(I)
2 s2(1)= S1(I) + s2(D)
RETURN
ENO
@ ELT TABLEr1¢670830,» 47598
P EOF W
SUBROUTINE TABLE
DOUBLE PRECISION XeXUeXDD s XXOD TOUT TeTIME»TOUT1»TT+DIFF»TOLL»TOLY
1rCSTEPT»FJ»TCrCOEL» TREQ
DOUBLE PRECISION GMrAE+RIRS@rRGrTHETG»TCL
. DOUBLE PRECISION CS+UAY1CENTER'DSTART
INTEGER ORDER
LOGICAL ISWT,SW
COMMON/RKT/CSTEPT
COMMON/WORKER/X(200+3)» XD (20003) ¢ XOD(200+3) r XXDD(3) v DIFF(60+3) »
1 COELtTTeTeTREQyTOQUT»K e N
COMMON/LIMITS/TOLLeTOL2+TCrISCT+ISWT(30) +SW(20) »ORDER L1 sL2¢MODE
‘DOUBLE PRECISION THETGO»THDOT1,THDOTZ2¢DMINIETIME
COMMON/CONST1/THETG0(10) y THDOT1» THDOT2,DMIN/ETIME ¢ IYBEG
COMMON/CONST2/G6Ms AE»RrRSQ@rRQ@r THETG» TC1
COMMON/COFIT/CS(5+9) 1 DAY1+CENTEROSTART
102 FORMAT (1H1,»42X33HRUNGE~KUTTA NUMERICAL INTEGRATION/1HO»48X20HINI
1AL INPUT VALUES/1H020X1HX36X1HY36X1HZ)
103 FORMAT(3(10X,D24.16))
104 FORMAT(SXSHTIME=D24%.1692X8HDELTA T=D24,16+14X6HORDER=L2)
105 FORMAT(LHO»U2X33HRUNGE=KUTTA NUMERICAL INTEGRATION/1HO»U4SX29HPRE DI
1CTED EXTRAPOLATED VALUES/1HO20X1HX36X1HY36X1HZ)
106 FORMAT(1HO»42X33HRUNGE=KUTTA NUMERICAL INTEGRATION/1HO»45X29HCORFE
1CTED EXTRAPOLATED VALUES/1HO20X1HX36X1AY36X1HZ)
110 FORMAT(1HO32HINITIAL COWELL ORDER CHANGED TO I3)
IF(SW(12)) GO TO 40
WRITE(3,102)
1 WRITE(3»103)(XC(1e1)r2Z293) 0 (XU(LoI)rI=193) s (XXDO(I)s1=1,3)
28 TOUTL=CDEL/TC
TOUT=T/TC
WRITE(3+104) TOUT,TOUT1¢0RDER
SW(1)=,TRUE.
SW{Z2)=.TRUE,

® | &




TIME=T
24 KK=K
26 KK1=nN
27 DO 10 J=KKrKK1
Fu=J
CSTEPT=TIME+FJ*CDEL
IF(CSTEPT*TCL1+05TART JLE. DAY1l) GO 7O 3
CALL EPHQAN
3 KaJ+l
CALL RK
IF(Sw(12)) 60 TO 10
IFCISWT(8)) 0 TO 11
ISWT(8)=.TRUE .«
CALL QUTPUT
ISWT(B)=.FALSE.,
G0 TO 10
11 CALL OQUTPUT
10 CONTINUE
25 DU 5 J=19KK1
CaLL CKDIFF(J)
5 CONTINUE
1IF(MODE.EQ.%4) GO TO 31
7 SW(3)=,TRUE.
8 Sw(4)=.FALSE.
Sw(S5)= FALSE.
Sw{7)=.FALSE.,
SW(9)=.FALSE.
CALL TEST
IF(sw(9)) 60 TO 31
30 IF(Sw(4)) GO TO 29
1IF(sw(5)) GO TO 16 ‘
IF (SW(7)) 60 TO 2
GO TO 6
2 Sw(2)=.FALSE.
GO TO 24
16 SW(2)=.FALSE.
G0 TO 8
29 wRITE(3,111)
111 FORMAT(1HO68HINITIAL TABLE FAILED TOLERANCES--PROCEDURE RESTART WI
1TH NEW STEPSIZE)
T=TIME
K=1
CALL FRCS
GO To 28
6 IF(S#(2))60 TO 31
WRITE(3¢110)ORDER
31 SW(3)=.FALSE.
RETURN
40 IF(.NOT, ISWT(13)) GO TO 41
WwRITE(3,105)
G0 To 1
41 IF(Sw(1l4)) WRITE(3,105)
IF(4NOT.SW(14)) WRITE(3,106)
GO TO 1
END
@ ELT TABLEBr»1,671013, 34119
@ EOF W
SUBROUTINE TABLED
DOUBLE PRECISION X¢XD¢XDD e TCoCDEL » XXDD» TOUTy TIME » TOUTLoFJe TTo
1TsDIFFsTOLL1+TOL2 ¢ CSTEPTIFXsFXDeTIvFI1sF2CT»STEPD s TEMP3
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2 TEMP4»OLDT» TM»FXDD» TREQ
DOUBLE PRECISION RSAVE»TP»TPP, TMP
LOGICAL ISWT/SW
INTEGER ORDER
COMMON/TIMING/STEPD(90+3) s TEMP3¢ TEMP4 +OLDT ¢ TMs XM2 YMr ZM» XS
* IENT» ITERS INCOWL ¢ ICH
COMMON/RKT/CSTEPT
COMMON/LIMITS/TOL1 e TOL2yTC+ISCTIISWT(30) rSW(20) ¢ ORDER LL1¢L2¢MODE
COMMON/WORKER/X{(200¢3) »XD(200+3) ¢ XDD(200¢3) ¢+ XXDD(3) ¢DIFF(60¢3)»
1 COEL»TT»TeTREQsTOUT»K N
COMMON/ INTERP/FX(6003) 2 FXD(6003) yFXDD(609r3) » TIeK1leMeM1
COMMON/TIMES/TAB» COWL» FORCS
COMMON/BRIEF/RSAVE(10)
EGUIVALENCE (RSAVE(4)/»TP)
120 FORMAT(1HO/»10Xr22HSTEP=SIZE DOUBLING TO D19.12,6H AT T=»D19.12¢
1 2Xr6HORDER=»12)
122 FORMAT{1HO»10Xs22HSTEP=-SIZE HALVING TO D19.1226H AT T=eD19.12»
1 2Xv6HORDER=,12)
126 FORMAT (1HO»40X»33HPOINTS COMPUTED USING RUNGE=-KUTTA)
CALL CLOCK (XE)
TOUT=T/TC
TOUTL1=CDEL/TC
IF OPTIMIZATION OF STEP USE INTERPOLATION
IF(ISWT(16)) 60 TO 40
IF HALVING STEP USE INTERPOLATION
IF (4NOT. SW(6)) GO TO 26
IF INSUFFICIENT POINTS USE RUNGE KUTTA
IF (ISCT LT. 2%(N+1)) GO TO 40
WRITE(30120) TOUT1»TOUT»ORDER
DO 70 I=1.3
XDO(Ke ID=XDD(Ke 1) *4,D0
CC 70 J=1¢N
N1=K=J
OQUBLE STEP BY SELECTING EVERY OTHER POINT
Ne=SK=2%J
X(NLoI)=X(N2,1)
XDINL v ID)=XD(N2eI)
70 XDD(N1+I)=XDD{(N2¢I) * 4,00
GO TO 25
M ORDER OF HERMITE INTERPOLATION =DEPENDENT ON COWELL ORDER AND STEP
26 M=(ORDER + 1)/2
M=MAX0(5eM)
IF(TEMP3 «GE. 0.5D0) M=MAXO0(8/M)
M=M+2
IF(ISCT .LT. M) GO TO 40
KK=K
WRITE(3s122) TOUT1,TOUT,ORDER
K1=K
M2=M=2
TEMP3=(=1.D0)*TEMP3
DO 37 J=2/M2
FJ=J
HALVE STEP BY INTEKPOLATING FOR MIDPOINTS
FIl=2.D0*%(FJU~1.00) + 1.,D0
Tl = T-F11*CDEL
M1l=M=-J
CALL HEMINT
37 CONTINUE
TEMP3=(=1,D0)*TEMPS
M2= M=2
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DO 30 Jl=1M
J2sK=J1+1
XDD(Jy2+1)=XDD(J2r1) /4 .D0
XDD(J2,2)=XDD(J292) /4,00
30 XDD(J2,3)=XDD(J2¢3)/4.D0
DO 35 J=2,M2
INDEX TO MOVE AN ARRAY POINT BACKWARD TO A NEW POSITION
N1=KK=(M=J)
INDEX TO INSERT INTERPOLATED POINT INTO INTERMEDIATE SLOTS IN ARRRAY
N2SKK= 2% (M=J)+ 1
K=N2 + 1
DO 32 I=1,3
X{N2¢I)=XIN1» 1)
XDIN2e I)=XD(N1» 1)
XDD (N2 I)=XDD{N1/s1I)
X(KeI)=FX(Jr 1)
32 XD(KeI)SFXD(Jr 1)
CALL FRCS
35 CONTINUE
REJECT LAST COMPUTED POINT
K=KK=1
T=T=-TcMP3
60 TO 25
40 TPP=T=2.D00*TEMP3=-DBLE (N+1) *CCEL
DETERMINE IF THERE ARE ENOUGH POINTS AT THE LAST STEPSIZE TO PRODUCE
N1 POINTS AT THE NEw STEPSIZE
IF(TPP.LT.TP) GO TO S0
ASSIGN 60 TO L .
IF(sW(6)) 60 TO 100
IF DECREASING STEP = REJECT LAST COMPUTED POINT
K=K=-1
T=T-TEMP3
TPP=TPP=-TEMP3
TT=TEMP3**x2
CALL FRCS
TT=CDEL%x%2
TOUT=T/TC
GO TO 100
60 M1=0
HERMITE INTERPOLATION ORDER
M=MAXO3(4»ORDER=-1)
IF(M.GT.ISCT) GO TO 50
UPPER INDEX OF ARRAY POINTS TO BE INTERPOLATED (K TO K1P1
K1P=K=ISCT
ADJUST TIME SO THAT INTERPOLATION WILL NOT OCCUR NEAR THE END POINT
OF THE ARRAY. THESE ARE NOT AS ACCURATELY INTERPOLATED.
TIME=T-TEMP3
K1=K
TIME OF NEXT TO LAST POINT OF PARTIAL ARRAY SATISFYING HERMITE ORDER
WITHIN WHICH INTERPOLATION MUST OCCUR
TMP=T=DBLE (M=2)*TEMP3
IF TIME OF NEXT TO LAST POINT OF PARTIAL ARRAY OVERLAPS POINTS PRODUCED
AT ANOTHER STEPSIZE -~ SET IT TO WITHIN TPP- TIME OF STEP PRIOR TO CHANGE
IF(TMP.LT.TPP) TMP=TPP+TEMP3
KN=N+1
TEMP3=(=~1.D0)*TEMP3
62 M1=M1l+l
FJy=M1i
INTERPOLATION TIME
TI=STIME=FJ*CDEL
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IF(TI.LT.TMP) GO TO 65
CALL HEMINT
64 GO TO 62
UPDATE TIMES FOR NEXT PARTIAL ARRAY
65 K1=K1=(M=3)
T=T=DBLE(M=3) #DABS (TEMP3)
TMP=TMP—~DBLE (M=3) *DABS{TEMP3)
IF(K1=M .GE. K1P) 6O TO 67
IF TIME OF LAST POINT OF PARTIAL ARRAY OVERLAPS STEP CHANGE ~ ADJUST TIME
AND INDEX TO POINT BEFOR THE CHANGE
T=T+DBLE (M=K1+K1P=1)*DABS(TEMP3)
TMP=TMP+DBLE (M=K1+K1P=-1)*DABS (TEMP3)
K1=K1P+M=-1
67 M1=M1-}
IF{TMP.LT.TPP) TMP=TPP+DABS(TEMP3)-,5D=13
IF N<1 POINTS HAVE NOT BEEN PRODUCED CONTINUE INTERPOLATING
IF(M1.LT«N+1) GO0 TO 62
TEMP3=(=1.00)*TEMP3
DROP LAST POINT SINCE INTERPOLATION WAS FROM NEXT TO LAST POINT
KK=K=1

T=TIME

DO 68 I=1»N
K=KK=I

DO 66U=1,3

STORE INTERPOLATED VALUES
X(Ked )ZFX(Ied )
66 XD(KsJIZFXD(1rJ)
T=T-CDEL
CALL FRCS
68 CONTINUE
T=TIME
K=KK
CALL FRCS
GO TO 25
S50 IF(NOT.ISWT(16)) GO TO 52
ASSIGN 45 TO L
IF(sW(6)) 60 TO 100
ASSIGN 41 TO L
60 TO 100 :
52 IF(SW({6)) GO TO 43
WRITE(3,122) TOUT1»TOUTsORDER
41 CONTINUE
COMPUTE BACKPOINTS USING RUNGE KUTTA

K=K=-1
T=T-TEMP3
GO TO 45
43 FACT=4%.D0
WRITE(3,120) TOUT1.TOUT»ORDER
XDD(Kr1)= XDO(K»1)*FACT
XDD(K?2)= XDU(Ke2)*FACT
XOD(K+3)= XDD(Ks3)*FACT
45 IF(SW(0) +AND++NOT,ISHT(16)) GO TO 46

CALL FRCS

46 Sw(1)=.FALSE.
WRITE(3r126)
TIMEZT
KK=K
D0 10 J=1/N
FJ=J
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iw

CSTEPT=TIME=FU*CDEL
KZKK=J
CALL RK
10 CONTINUE
KZKK
T=TIME
SW(o)=e TRUE »

COMPUTE NEW DIFFERENCES AND NEW SuMS

25 L0 42 J=1N

CALL CKDIFF (W)
42 CONTINUE

CaLL SUMS

ISCT=N+1

TP=T=FLOAT(N) *CDEL

CALL CLOCK (XR)

TAB = TAB + XR = XE

RETURN

THIS SECTION FORMATS A MESSAGE TO INDICATE THE TYPE OF STEP CHANGE
100 IF( Sw(e)) GO To 101

WRITE(3,121) TOUT1»TOUT»ORDER
121 FORMAT (1HOr10X»21HSTEP SIZE DECREASE TO D19.12¢ 6H AT T= D19.12

* 2X¢ OHORDER=» 12)

G0 TO L (41,60)
101 WRITE (3+123) TOUT1»TOUT/»ORDER
123 FORMAT (1HO0¢10X»21HSTEP SIZE INCREASE TO D19.12» 6H AT T= D19.12

* 2Xr GHORDER=» 12)

60 TO L (45+00)

END
ELT TESTele671013, 34117

@ EOF

c

SUBROUTINE TEST
VOUBLE PRECISION XeXDeXODeXXUDeDIFF»CDEL»TT»T»TREG
UQUBLE PRECISION STEPD»TEMP3sTEMPYsOLDTr TM
DOUBLE PRECISION CSAVE»TOUT»SUM»SUMLIFN1»OPTST
UQUBLE PRECISION S1+S2/PXePXUeCXsCXD2sCTOL»SAVE
OO0UBLE PRECISION TOL1+TOL2sTOL3+TOLY,TC
LOGICAL ISWT,»SwrTEMPO»TEMP1l,TEMP2
INTEGER ORDER
COMMON/WORKER/X{(200+3) +XD(200+3) ¢ XDD(200¢3} ¢+ XXDD(3) ¢+ DIFF (60033 ¢
1 COEL»TT»ToTREQ! TOUT#KeN
COMMON/LIMITS/TOLL s TOL2¢ TCoISCT» ISWT(30) ¢SW(20) +ORDER»L1¢L2+MODE,
COMMON/TIMING/STEPD (909 3) ¢ TEMP3» TEMPU»OLOT o TMe XM» YM2 ZM 9 XS
* IENT»ITERS» INCOWL» ICH
CONMMON/COFFS/CSAVE(2)
COMMON/ODEL/NL1/NL2
COMMON/OPTIM/TOL 3, TOLY
COMMON/COWS/S1(3)»S2(3) 1PX(63) 1PXD(63) »CX(63)1CXD(63)+CTOLPSAVE((0
1 ¢ 3) ITER
104 FORMAT (LHOG4HESTIMATE OF TRUNCATION ERROR INDICATES A COWELL ORDER
1 CHANGE TO »I3» 9H TIME= » D19.12)
107 FORMAT (1HOs64H TRUNCATION ERROR WILL ALLOW AN OPTIMIZATION OF ORD
*ER CHANGE TO ¢I3¢2H TIME=+D19.12)
315 FORMAT (1HO,47X»31HORDER FAILED L1 = INCREASE STEP)
355 FORMAT (1HO+47X¢31HORDER FAILED L2 = DECREASE STEP)
SW(18)=,.FALSE.
DIFFERENCE TO BE TESTED
N1=nN=1
FN1=N1
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(o] o000 [g]

(o]

OO0

TOUT=T/TC

IF(SW(3)) 60 TO 5

RESTORE POSITION COEFFICIENTS - THE ORDER MAY BE CHANGED

PX{N+3)=CSAVE(1l)

CXIN+3)=CSAVE(2)
5 SUM=0.D0

DO 1 I=1.3
1 SUM=SUM + DABS(DIFF(N1,I))

IF 1ST STEP OPTIMIZATION HAS NOT OCCURRED == DO NOT ALLOW ORDER TO VARY.

IFCCCISWT(16)).AND. SW(20))) GO TO 2

AFTER MODE 1 STEP CHANGE == ADJUST ORDER

SWE15] wILL THEN BE SET TO FALSE UNTIL ANOTHER STEP CHANGE OCCURS
IF ORDER OPTIMIZATION == ORDER OPTIMIZATION CAN OCCUR IF LOCAL ERROR
SATISFIES TOLLS.

IF(MODE+EQs1+AND,SW(L1S)) GO TO 6

IF(.NOT. ISWT(17)) GO TO 2
6 IF(TOL1=SUM) 2+2,7
7 IF(TOL2=-SUM) 8.8¢2
8 IF(SW(3)) GO TO 2

SW(15)=.FALSE.,

DG 101 J=1,N1

N2Z=N=J

SUM1=0.D0

DO 102 1I=1.,3

102 SUM1=SUML+DABS(DIFF(N2,1))

NN=N2+2
IF(SUM1.6T. TOL4) GO TO 103

101 CONTINUE

SMALLEST ORDER == 7O SATISFY THE SPECIFIED TOLERANCE =-=SIGMA

103 LORD=NN+2

NS=LORD=~3
IF(LORDLToNL1+OR¢LORD,GTeNL2) 60O TO 2
IF(LORD +GE. ORDER)} GO TO 2
1F ((DABS(DIFF(N5+1) ) +DABS(DIFF(N5»2) ) +DABS(DIFF(NS5¢3))) .GT. TOLL)
* 6O TOo 2
COMPUTE APPROXIMATE LOCAL ERROR FOR NEW ORDER
SUM=0.D0
DO & I=1,3
4 SUM=SUM+DABS (DIFF(NSrI))
ORDER=LORD
N=ORDER=2
N1=N-1
FN1=NL
IF{MOUE .NE. 1) 60 TO 9
MODE 1 - CHECK L1 LESS THAN ORDER LESS THAN L2
IF (ORDER.GE.L1) GO TO 18
WRITE(3¢107) LORD»TOUT
WRITE(3,315)
GO0 TO 10 ’
18 IF (ORDER.LE.L2) GO TO 9
WRITE(3,107) LORD»TOUT
WRITE(30355)
60 TO 50
9 WRITE(3+,107) LORD,TOGUT

2 CONTINUE
IF (SUM +6E. TOLZ2) GU TO 3
60 TO (1Ur20,30)»MODE
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c

C

C

ENTRY MODE 1 - DOUBLE STEP==INCREASE ORDER
10 IF(ORDER «GT. L1} 6O TO 30
ORDER= L1 + (L2-L1)/2
N= ORDER = 2
ENTRY MODE 2 = DOUBLE STEP
20 Sw(pb)=,TRUE.
OPTST=(TOL3/SUM*CDEL**FN1)*%(1,D0/FN1)
TEMPO=TEMP1
TEMPL1=TEMP2
TEMP2=5W (6)
ISCT1=1ISCT2
15CT2=ISCT3
ISCT3=15CT
IF(ICH «LT. 3) GO TO 24
TEST FOR INCREASE-DECREASE LOOP.
IF ({ISCT1+ISCT2+ISCT3) .G6T. 10) GO TO 24
IF ( (TEMP2¢AND+ « NOT « TEMP1 . ANDs TEMPQ) «OR, { «NOT s TEMP2,AND . TEMP1 . AND»
* «NOT.TEMPO)) GO TO 110
24 TEMP3=TEMP&
IF(ICH«LTs 3) ICH=ICH+1
CDEL = CDEL * 2.0D00
TT=CDEL**2
TEMP4=CDEL
IF(swW(3)) 60 TO 21
IF(.NOT. ISWT(16)) GO TO 25
STEP OPTIMIZATION -=—- USE COMPUTED STEP SIZE
CDEL=0PTST
TEMP4=CDEL
NSAVE=N
SET INDEX TO PRODUCE SUFFICIENT POINTS SO THAT ORDER CAN INCREASE IN MODE 1
N=L2=2
IF(.NOT. SW(20)) GO TO 25
SW(20)=.FALSE.
N=NSAVE
25 TT= CDEL*%2
CALL CLOCK(YM)
LMEYM=XM
COMPUTE REQUIRED BACKPOINTS
CALL TABLEB
SW(15)=«TRUE.
IF(ISWT(16)) N=NSAVE
CALL CLOCK (XxM)
GO TO 40
ENTRY MODE 3 = DECREASE ORDER
30 ORDER=ORDER=1
Sw(18)=.TRUE.
IF (ORDER.LT.NL1) 6O TO 130
N=ORDER = 2
IF(SW(3)) GO TO 22
WRITE (3,104) ORDER.TOUT
GO TO 100

3 IF (S5UM JLEe. TOL1l) GO TO 100
GO TO (50+60.70) »MODE
ENTRY MODE 1 = HALVING STEP--DECREASE ORDER
50 IF(ORDER .LT. L2) 60 TO 70
ORDER=L1+(L2-L1)/2
N=ORDER=2
ENTRY MODE 2 - HALVE STEP
60 SW(6)=.FALSE.
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[g]

OPTST=(TOL3/SUM*CDEL*xFN1)**(1,D0/FN1)
TEMPO=TEMP1
TEMP1=TEMP2
TEMP2=SW(6)
ISCTI=ISCT2
1SCT2=1SCT3
ISCT3=1ISCT
IF(ICH +LT. 3) GO TO 61
IF({ISCT1+ISCT2+ISCT3) .GT, 10) GO TO 61
IF((TEMP2+AND ¢ « NOT e TEMP1 ., AND+ TEMPO) ¢ OR, { 4 NOT o TEMP2,AND.TEMP1 .AND~
* «NOT.TEMPQ)) GO TO 110
61 TEMP3I=TEMPY4
IF(ICH.LT, 3) ICH=ICH+1
CDEL= CDEL/2.0DO
TT=CDEL*%*2
TEMP4=CDEL
IF(SW(3)) GO 70 21
IF(.NOT. ISWT(16)) GO TO 65
CDEL=OPTST
TEMP4=CDEL
NSAVE=N
NZ=L2~2
65 TT= CDEL*%2
CALL CLOCK(YM)
ZMZYM=XM
66 CALL TABLEB
Sw(15)=.TRUE.
67 IF(ISWT(16)) N=NSAVE
CALL CLOCK (XM)
K=K+1
SWi8) = +TRUE.
GO TO 40
ENTRY MODE 3 = INCREASE ORDER
70 ORDERZ=ORDER+1
SW(18)=.TRUE.
IF(ORDER«GT«NL2) GO TO 130
NZ ORDER=2
IF(SW(3)) GO TO 23
IF(ISCT.LT. ORDER=-1) GO TO 170
WRITE (3»104) ORDERTOUT
K=K=1
T=T=~CDEL
DO 72 I=1/N1
DO 72 J=1+3
72 DIFF(I+J)= SAVE(I»J)
CALL CKDIFF (N)
CALL SUMS
K=K+1)
SW(8) = .TRUE.
G0 TO 100
TERMINATION
40 TM=T=-OLDT
OLDT=T
CALL RESUME
SW(18)=.TRUE.

100 IF(SW(3)) RETURN
CSAVE (1) =PX(N+3)
CSAVE(2)=CX(N+3)
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PX{(N+3)=0.D0
CXIN+3)=0.D0
C IF A STEP OR ORDER CHANGE HAS OCCURRED == RETUKN
IF(SW(18)) KRETURN
c
C OPTIMIZE STEP FOR FIRST COWELL POINT
IF(sw(20)) 6O To 27
RETURN
21 SW(4)=,TRUE.
ISCT3=0
ICH=0
TEMP2=.FALSE.
TEMP3=0.0D0
RETURN
22 IF(ORDER +LE. L1) 0O TO 10
SW(9)=.TRUE.
KETURN
23 LF(ORDER +GE. L) GO TO 50
Sw(7)=«.TRUE.
RETURN
27 CONTINUE
o FLIRST COWELL POINT == OPTIMIZE STEP
OPTST=(TOL3/SUMKCDEL**FN1)**(1,D0/FN1)
IF(OPTST +LT. CDEL) GO TO 300
PXIN+3)=CSAVE(1)
CX(N+3)=CSAVE(2)
IF(MODE.EQ@.2) GO TO 20
ORDER=L1+(L2~L1)/2
N=OROUER=2
60 To 20
300 RETURN
c ERROR EXIT
110 Sw(19)=.TRUE,
MODE=4
WRITE(3,210) MODE
210 FORMAT (68H0 POSSIBLE HALVING AND DOUBLING LOOP. MODE WILL BE CHP
*NGED TEMP. TO 1I3)
IF(.NOT.TEMPL1) RETURN
TEMP3=TEMP4
CDEL=CDEL./2.D0
TEMPY4=CDEL
SW(6)=.FALSE.
60 TO 65
130 wWRITE (3,230) TOUT
230 FORMAT (1HO» 4B8HORDER CYCLE DOES NOT CONVERGE WITHIN SET LIMITS.
* 1HO» 40X» 11HFINAL TIME= D24.12)
SW(9)=.TRUE .
RETURN
170 ORDER=L1+(L2=L1)/2
N=ORDER=2
GO TO 60
END
@ ELT TNODE»1,670830¢ 47605
@ EOF ¥
SUBROUTINE TNODE
DOUBLE PRECISION AT¢ZeFJeXeXDe XDD e XXDDeDIFFeCOEL  TToT»TOLLTOL2,
12 TI/PROWPROLIFXPFXDeArOUTT» TREQ» TOUT»FXDD
DOUBLE PRECISION XNODE»XDNODE» TNOD»CC
DOUBLE PRECISION FNDeU+DDrCeD1¢D2rSUMrSUML» ANSr ANSL
DOUBLE PRECISION ANS2:DDDeD3rSUM2

84




11

12

INTEGER ORDER

LOGICAL ISWT!.SW

DIMENSION D(100+3)DD(100¢3)DDD(100¢3)r01(20+3)+»D2(20¢3)¢D3(20»
1¢ANS(3) »ANS1(3)

DIMENSION AT(20),2(20),A(20)0UTT(20)
COMMON/WORKER/X(20023) »XD(200¢3) ¢ XDD(200¢3) » XXDD(3) v DIFF(6023)»
1 COELeTT»T»TREQ* TOUT»K¢N

COMMON/NODE/ XNODE (200 +3) » XODNODE(200¢3) » TNOD(200) +C(20) ¢ CC(20)»
1KK» JL/NDIFF e NEXTeKEXT» INODE

COMMON/LIMITS/TOLL1eTOL2e TCrISCTrISWT(30)»SW(20)ORDERL1+L2¢MODE
COMMON/ INTERP/FX(60¢3) 1 FXD(60¢3) v FXDD(60¢13) v TIrK1rMeM1
FND=NEXT

PRO=1.D0

INODE=INODE+1

00 1 1I=1.8

JzIi=1

L=K=J

2(1)=X(L»3)

PRO==Z(1)*PRO

FJ=J

AT(I)=(T=-FJ%COEL)

QUTT(I)=AT(I)/TC

CONTINUE

Ti=0.DO

DO 2 J=1.8

PRO1=1.00

DO 3 I=1.8

IF(J.EQeI) GO TU 3

PROL1=PROL%(Z(J)=Z2(I))

CONTINUE

A(J)==PRO/ (Z(J) %¥PRO1}

TIZTI+A(J)%AT(J)

K1=K

M=8

Mi=1

Sw(10)=,TRUE,

CALL HEMINT

DO & I=1,3

XNODE (INQDE»1)=FX(1»1)

XONODE(INODE»I)=FXD(1,1)

TNOD(INOQDE) =TI

IFCISWT(18)) RETURN

IF (INODE.LT.NDIFF) 60 TC 10

U0 11 I=1.3

DO 11 J=KKrJl

J2Z2+NEXT*(JU=-1)

boLdr D= (TNOD (J2)~TNOD (J2~1))
D(Jr )= (XNODE (J2r1)=XNODE(J2-1,1))
DD(JrI)= (XDNODE{(J2¢ 1) =XDNODE (J2=1¢1))

DO 12 I=1,3

DO 12 J=1,KEXT

CALL FKDIFF(DeDledrJle])
CALL FKDIFF(DDeD2rJrJlrI)
CALL FKDIFF(DDDrD3rdrJir 1)
CONTINUE

IF(sw(14)) 60 TO 20

DO 14 I=1,3

SUM=0.D0

SUM1=0.00

SUM2=0.000
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DO 15 JU=1+KEXT
SUMR2aSUM2+C(J)*D3(Jrl)
SUMSSUM+C(J) *D1 (U, 1)

15 SUM1=SUMI1+C(J)*D2(Jr 1)

J2=(J1=1)xNEXT+1
ANS(D)=(SUM+D(J1,1) ) *FND+XNODE (J2+1)
ANSL1(I)=(SUML1+DD(JL» 1)) xFND+XDNODE(J2r 1)

14 CONTINUE
ANS2=(SUM2+DDD (J1r 1)) *FND+TNOD (J2)
INODE=INODE+ (NEXT~1)

T=ANS2

TNOD(INODE) =ANS2

DO 16 I=1,3
XNODE(INODE» 1) =ANS(I)
XDNODE (INODE» I)=ANS1(1)
X(1sI)=ANS(I)

16 XD(1,1)=ANS1(])
X(1,3)=0.00D0
Sw(12)=.TRUE,.
NDIFF=NDIFF+NEXT
Ji1zJl+l
KK=J1
IF(ISWT(15)) RETURN
Sw(l4)=.TRUE,

10 CONTINUE
RETURN

20 CONTINUE

C CORRECTING EXTRAPOLATED VALUES
VO 21 I=1,3
SUM= 0.00
SUM1=0.,D0
SUM2=0.00
DO 22 J=19KEXT
SUM2=SUM2+CC(J) %D3(Jr 1)
SUM=SUM+CC(J) *D1(Ur 1)

22 SUM1=SUMLI+CC(JU)YxD2(Jr])

J2= (J1=2) *NEXT+1
X{1oI)=(SUM+D(JL1 1) ) *FND+XNODE (J2¢1)

21 XD(1o1)=(SUML1+DD(J1r 1) ) *FND+XDNODE (J2r 1)
X(1¢3)=0.,0D0
T=(SUM2+DDD(J1+1) ) *FND+TNOD(J2)
INODE=INODE~1
JZINODE
TNOD(J) =T
DO 23 I=1.3
ANODE(JrI)=X(1r1)

23 XDNODE(JeI)=XD(1,1)

SW(l4)S.FALSE.
SW(12)=,TRUE.
RETURN
END

@ ELT TRANS¢1,670830¢ 47606

@ EOF W
SUBROUTINE TRANS(TX»TXD)
DOUBLE PRECISION Xe¢XDeXDDeXXDD¢DIFFeCDEL Y TT»To» TREQ» TOUT
DOUBLE PRECISION ELEMeTX» TXDeDSINeDCOS»DSQRT
DOUBLE PRECISION SINGsCOSGrSINHeCOSHsSINIsCOSI»SINE»COSE
DOUBLE PRECISION Ne1BrPeQeLeEDECeDP TEP
COMMON/WORKER/X(200¢3) » XD(200+3) ¢+ XDD(200+3) + XXDD(3) e DIFF(60¢3)
1 COEL»TT+TeTREQr TOUT KM
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P ELT
@ EOF

COMMON/EMS/ELEM(6) » TEP

DIMENSION TX(3)TXD(3)

DIMENSION P(3),Q(3)
SING=DSIN(ELEM(S))

COSG=DCOS(ELEM(S5))

SINH=DSIN(ELEM(6))

COSH=DCOS(ELEM(6))

SINI=DSIN(ELEM(3))

COSI=DCOS(ELEM(3))
N=1.0D0/(DSQRT(ELEM(1)*%x3))
B=ELEM(1)*DSQRT(1,0D0-ELEM(2) *x2)
P(1)=COSG*COSH=SING*SINH*COSI
P(2)=SING*COSH*COSI+COSG*SINH
P(3)=SING*SINI
Q(1)==(SING*COSH+COSG*SINH®COST)
Q(2)=COSG*COSH*COSI-SING*SINH
Q(3)=COSG*SINI

L=ELEM(4) +N*(T=-TEP)
L=DMOD(L+6.,2831853071795864D0)

E=L

DE= L-E+ELEM(2)%DSIN(E)
IF(DABS(DE)=0.20-14.LE.0.0D0) GO TO S
EZE+DE/(1.0D0-ELEM(2)*%DCOS(E+0,5D0%DE) )
GO TO 3

SINE= DSIN(E)

COSE=DCOS(E)

C=COSE-ELEM(2)

D=1.0D0-ELEM(2) xCOSE

D=N/D

DO 10 I=1.3

TX(I) =ELEM{1)*P(I)*C+ B*Q(I1)*SINE
TXD(I) =D*(B*COSE*Q(I)-ELEM(1)*SINE*P(I1))
RETURN

END

TRANS2¢ 19670830 47607

i

SUBROUTINE TRANS2 (X»XD)

TO COMPUTE ELEMENTS FROM PQSITION AND VELOCITY VECTORS
DOUBLE PRECISION XeXDrELEMeRSQrVSQrRRDePIPSQeDATANZDSQRTIES
LINE)ECOSE»RIErYrDATAN?SINHr»COSHe SINI»DSINsQrSINU»SINV,COSUNCOSV
22 TEP

DIMENSION X(3) o XD(3)P(3)
COMMON/EMS/ELEM(6) e TEP

RSQ=0.D0

-VSQ=0.D0

RRD=0.00

PSG=0.00

P{1)=X(2)xXD(3)=X(3)*XD(2)
P(2)=X(3)*XD(1)=X(1)*XD(3)
P(3)=X(1)xXD(2)=X(2)*XD(1)

DO 1 I=1.,3

RSQ=RSQ+X () **%2

VSQ=VSQ+AD (1) **2

RRD=RRD+X(I)*XD(1)

PSQ=PSQ+P (1) x%x2

Q=DSQRT(PSQ)

R=DSURT(RSQ)

ELEM(1)= R/(2.D0-R*VS5Q)

SINVZ= Q@*RRD/R

cosv= (PSQ/R)=1.00
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P ELT
@ EOF

@ ELT
¥ EOF

15
10

ELEM(2)=DSQRT (SINV**x2+COSV%%2)
SINV=SINV/ELEM(2)

COSV=COSV/ELEM(2)
ESINE=R*SINV/ (ELEM(1) *DSQRT(1.D0=ELEM(2) *%x2))
ECOSE=R*COSV/ELEM(1)+ELEM(2)
E=DATAN2(ESINE»ECOSE)

ELEM(&)ZE-ELEM(2)*ESINE
Y=DSQRT(1.000-(P(3)/Q)*x2)/(P(3)/Q)
ELEM(3)=DATAN(Y)

SINI=DSIN(ELEM(3))

SINH=P(1)/(@*SINI)

COSH==P(2) /(Q*SINI)

ELEM(6)=DATAN2 (SINH»COSH)

SINU=X(3)/(R*SINI)
COSU=(X(1)*COSH+X(2)*SINH) /R
ELEM(S)=DATAN2(SINU,COSU)=DATAN2 (SINV+COSV)
IF(ELEM(4) «LT«0.000) ELEM(4)=ELEM(4)+6,283185307179586400
IF (ELEM(5) .LT«0.0D0) ELEM(S)=ELEM(S)+6,2831853071795864D0
IF(ELEM(6) +L.T.0.0D0) ELEM(6)=ELEM(6)+6,2831853071795864D0
RETURN

END

YMCAY»1,670830¢ 47607

o

DOUBLE PRECISION FUNCTION YMUAY(IYMDeIHM»SEC)
DOUBLE PRECISION SEC
IY=(IYMD/10000)%*10000+101

IHMS=IHM %100

CALL DIFF(IYeOeIYMDrIHMS,»ID»IS)
YMDAY=86400%(ID+1)+IS
YMDAY=(YMDAY+SEC)/8.64D4

RETURN

END

EPHQAN»1+670913,» 46904

f

SUBROUTINE EPHQAN

DOUBLE PRECISION DUMMYCrDAYL1»CENTER»DeTIME(11)VAR(11)
DOUBLE PRECISION F1

OIMENSION A0(9.11)

DOUBLE PRECISION DSTART
COMMON/CONST1/DUMMY (14) » IYBEG
COMMON/COFIT/C(5¢9) ¢ DAYL1sCENTER»DSTART
LY1=IYBEG=59

CENTER=DAY1+2.500

DO 5 I=1r11

F1=I=-1

D=DAY1+.5D0%F1

TIME(I)=0-CENTER

CALL EPHEM(IY1,DrAO(1rI))

DO 10 I=1.9

DO 15 J=1r11

VAR(J)I=AO0(IrJ)

CALL COEFF(VARsTIME»11r4,C(1r1))
DAY1=DAY1+5.D0

RETURN

END
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APPENDIX A

RUNGE KUTTA INTEGRATION FORMULAS

h f(X, Y,) (1)
4 4
h f X0+E‘h, Y0+7Ko (2)
2 1
h 11X, +gh, Y, + 72 (K, + 3K,) (3)
1 1
h f (XO +——3—h, Y, * 15 (K, + 3K,) (4)
1 1 ;
h f{X, +5h, Y, +5 (K, + 3K;) (5)
2 1
h f(x0 +3h, Y, + o7 (13K, - 27K, + 42K, + 8K4)> (6)
1
h f<x0 5 h Yo + 350 (389K, - 54K, + 966K, - 824K, + 243K5)> (N
h f(x0 +h, Y, +55 ( 231K, + 81K, - 1164K,

656K, - 122K_ + 800K6)> (8)

5 1
h f<x0 T h, Y, + 55 (127K, + 18K, - 678K,

456K, - 9K, + 576K, + 4K7)> (9)
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1
K, = hf <x0 +h, Y, + 555 (1481K, - 81K, + 7104K, - 3376K,

+ 72K, - 5040K, - 60K, + 720K8)> (10)

1
Y (X, +h) = Y(X)) + 330 (41K, + 27K, + 272K, + 27K,

+ 216K, + 216K, + 41K,)

Refercnce: Shanks, E. (1966): *‘'Solutions of Differential Equations by Evaluations of Functions,"’
Math. of Compnt., Vol. 20, pp 21-38.
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. APPENDIX B

FORCE MODEL

The equations of motion used in the program are of the form

X = X, + X+ X + X +X

..*
| where

(A) .)—'(e - the earth's gravitational effects

(B) '.)L(f, ;XQ - lunar and solar gravitational effects
‘ (C) X, - earth's atmospheric drag effects

(D) ;}.Z‘ - solar radiation effects.

The computation of the required earth, lunar and solar ephmeris quantities re-
quired by these perturbative accelerations is described in Section (E).

In what follows, the formulation used to compute S(_(t), given X(t), X(t) and t
is detailed. We remark that the unit of length = 6378.166 km and unit of time =
806.81242 secs.

(A) EARTH'S GRAVITATIONAL PERTURBATION

The earth's gravitational perturbation is given by

!
. [
+
Q|
>|®

where U, the disturbing potential, expressed in the spherical coordinates of the
satellite r, A\, , is given by

Reference for section (A) and (E): WRDC Final Technical Report, ‘“‘Unified Geodetic Parameter
Program (GEOPS)’’, December 1964 to March 1966, Vol. 1, Mathematical Analysis by Kahler and
Wells. pp 24-28, appendices A and B.




N n

b n
E E (—;—) (C., cosmA + S _ sinmA) PT (sin )
n=2 m=0

Where
b = mean radius of earth (unit of length)
r = geocentric radius of satellite
A = longitude of satellite measured eastward, given by A = a - 92,
where a, the right ascension is given by a = tan™! (y/x), and 0  is

the right ascension of Greenwich at time t, referenced to true
equinox (see Section E),

wn
s
3
RS
I

sine of the geocentric latitude, given by Sin ¢ = z/r

C. . S, n 7 the unnormalized harmonic coefficients (stored as data arrays
with a maximum index of 20).

P™ = the m*" derivative of the n*" Legendre polynomial

product of gravitational constant and mass of the earth.

i

The perturbative force, in rectangular coordinates is given by

3U _ 3Udr  3U N U dyY

— = 4 —— —+ —
X dr 3X oA X oy dX

where

Z an( +1) 0 * 5% }P;;‘ (Sin )

m=0
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N n -
W o {sc.. - cs..} .
T . P" (Sin y)
Ln=0 m=0 T _
ou . .
S5 o). ) Bt Singy - tan g P2 (Sin )} -
n=0 m=0

{Ccnm +8S__

where
CCnm = Cnm Cos mA
SSnm = Snm Sin mA
SC = S Cos mA
nm nm
CS = C  Sin mA
nm nm

and are computed using the relations

Cos mA 2 Cos A Cos(m — 1)A = Cos(m = 1)A

1

Sin mA 2 Cos A Sin(m = 1)A - Sin(m = 1)\
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and where the P (Sin ) are given recursively by .
Pe = [@n-1)sinyPe - (a-1 Po,|/mn (=0

P? = (2n-1)Cos y P"7!  (m=n)

P = P7,+ (2n- 1) Cos y P™} (m 70, m#n)

n=2
Finally, the position partials of r, A, | are given by

PL_(i
r,

<
-l
S

2 (2 2
X ox’ Qdy’ 9oz
where
o\ -y oA X oA
= y - y N = 0
ox x2 + y2' 9y x2 + y2' 9z
oY _ (%Y 3¢ 3¢
3X (ax' dy’ az)
where
oy _ - xz Ay _ ~yz 3y Yx2 + y?
9x 2952 4 g2 O r2 Vx2 + g2 0% r2

(B) LUNAR AND SOLAR GRAVITATIONAL EFFECTS

The moon's gravitational perturbation is given by
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=-u M
I I,
where Cs <

i
I

satellite position vector

moon's position vector expressed in the geocentric system (Section E)

the lunar mass expressed in earth masses

s /Y
I

L= satellite~moon radius vector
1;(' = moon radius vector, and
p = product of gravitational constant and mass of the earth.

The solar gravitational effect is computed precisely as above, with i( . M( s

L o T Teplaced by )_(e, M, r

® os’ T

° "

! (C) ATMOSPHERIC DRAG EFFECTS

. The drag effect on the accelerations is given by
- G A o
Xprac = T M [1 + pl] [1 + pzt] p(h) |Vr|Vr
where

= atmospheric drag constant
A = cross-sectional area of satellite in CM?
M = mass of satellite in gms.
P1»P, = atmospheric density correction parameters
o (h) = atmospheric density at satellite height h

V_ = relative velocity vector of the satellite, given by (x - W.ys Y - W, X5 2),
where w,_ is the angular velocity of the earth in rad./c.u:t.

6 = the angle denoting the lag between the atmospheric bulge angle and
local noon.
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The atmospheric density o (h) is given by

p(h) = py(h) + [pp(h) = py(h)] Cos™ (y/2)

where p, (h), pp (h) are night and day density values computed from a set of
tabular values py (h;), pp (h,) as follows:

A table look-up is performed to obtain the index i satisfying

h; <h <h,,,

from which py (h) or o (h) are computed by

h -
p; (h) = pj(hi)exp[ H, }

H = b, =hy/1n o (b)) /0, ()]

where j = 1 for night density, and j = 2 for day density.

Also, Cos ¢ is given by

Cos y = X' - Xj

Bulge
where * denotes unit vector and
evE ] _ * * . *® - . *
Xpuige = (X) Cos & -Y:Sin6, Y] Cos 6+ XZ Sin 6, 2.)

where (X7, Y, Z}) is the unit vector of the sun's position.

(D) SOLAR RADIATION EFFECTS

The effects due to solar radiation are given by
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oA (X, X)

P4l

where
A = cross-sectional area of satellite in cm?
M = mass of satellite in gms
)_(O = sun's position vector
o = solar radiation constant dyne/cm?
X = satellite position vector

The sunlight-shadow determination is given by

)_('.i; > 0 = the satellite is on the solar side of a plane normal to the
earth-sun line. No shadowing can occur.
i".')_(; < 0 = the satellite will be shadowed only if the distance between

the satellite and the earth-sun line is less than the earth's
radius, hence if

IX x x@l <T
where

T = 1—f(z+zofr2—1)2,

then the satellite is in the earth's shadow. Otherwise, it is
in sunlight.

Note: * denotes unit vector, and f is the flattening coefficient of the earth.
(E) EPHEMERIS QUANTITIES

The right ascension of Greenwich at the time of interest (t) is com-
puted from
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Bg = Bgy+ (t=ty) 0, + (t = ty) 6, + Au

where
0 g, = right ascension of Greenwich at Jan 0.0 for the year of interest
6, = 0.9856473354 deg/mean solar day
6, = 360.9856473354 deg/mean solar day

equation of equinoxes

>
T
1l

(t - t,) = time in days from Jan 0.0 for the year of interest.

The equation of equinoxes Ay is obtained in the process of computing the lunar
and solar ephemerides.

The ephemeris quantities are computed at ten equal intervals over a five
day period and least squares fit to a fourth order polynomial in time about the
midpoint of the five day period. The positions are determined for intermediate
points by evaluating the polynomial at the required time.

To calculate the earth-centered slant range and inertial unit vectors to the
sun and moon and the equation of the equinoxes at a given time, the time interval
from epoch (1900 Jan 0.5) is denoted by T when measured in Julian centuries,
by D = 3.6525T and d = 10000D.

Angular variables:

m
]

mean obliquity of the ecliptic

o
!

geometric mean longitude of the sun, mean equinox of date

—
1

mean longitude of solar perigee

mean longitude of the moon, measured in the ecliptic from the
mean equinox of date to the mean ascending node of the lunar
orbit, and then along the orbit

A"

H.
!

the mean longitude of lunar perigee, measured in the ecliptic
from the mean equinox of date to the mean ascending node of the
lunar orbit, and then along the orbit
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the longitude of the mean ascending node of the lunar orbit on the
ecliptic; measured from the mean equinox of date.

L, minus the mean longitude of the lunar perigee, measured in
the ecliptic from the mean equinox of date to the mean ascending

node of the lunar orbit, and then along the orbit

geometric mean longitude of the sun minus the mean longitude of
perigee of the sun

L. minus the longitude of the mean ascending node of the lunar
orbit on the ecliptic; measured from the mean equinox of date

L. minus the geometric mean longitude of the sun.
nutation in longitude

nutation in obliquity

true obliguity of the ecliptic

equation of equinoxes or nutation in right ascension
eccentricity of sun in an earth centered coordinate system
semi major axis of earth's orbit about the sun (cul)
radius vector to sun

apparent longitude of sun

inertial unit vectors to sun

semi major axis of lunar orbit (cul)

radius vector to moon

eccentr_icity of lunar orbit

inertial unit vectors to moon

apparent longitude of moon
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¢ - apparent latitude of moon .
v - true anomaly of the sun at Jan 0.0 for the year of interest

él - deg/mean solar day.

23°.452294 ~ 0°.0130125T - 0.164 x 1075 T2

279°41' 48" .04 + .12960276813" x 10°T + 1".089 T2
281° 13" 15" .00 + 6189" .03T + 1".63T2
270°.434164 + 13°.1763865268d - .85 x 10”4D?
334°.329556 + 0°.1114040803d - .7739 x 107 3D?

259° 183275 - 0°.0529539222d + .1557 x 1073D2

I - T

Lo -T '
L - O

L( - Lo

.2088 sin 20 - (17".2327 + .01737T) sin Q

1.273 sin (F - D + Q) - .2037 sin (2F + 20Q)

+ .1259 sin (£') - .0496 sin (¢' + 2F - 2D + 2Q0)

+ .0214 sin (-¢' + 2F - 2D + 2Q) + .0675 sin (¢)

- .0342 sin (2F + Q) - .0261 sin (¢ + 2F + 2Q)

+ .0114 sin (-f + 2F + 2Q0) + .0124 sin (2F - 2D + Q)

- .0149 sin (¢ - 2D)
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9" .2106 cos Q - .0904 cos 20

+ .552 cos 2(F - D + Q) + .0884 cos 2(F + Q)

+ .0183 cos (2F + Q) + .0216 cos (£' + 2F - 2D + 2Q))

€y T De

AY cos €

.01675104 — .418 x 1074 T

Lo t2e sin (6; (t—ty) - v)

cos (£ )

sin (€ ) cos ¢

sin (£ ) sin €

ag (1~ e:‘;)/[l * e cos (K@ - T)]

[206265L + 22640 sin (£) - 4586 sin(¢ - 2D)

2370 sin(2D) + 769 sin (20) - 668 sin (')

412 sin(2F) - 212 sin (2! - 2D)

206 sin(f +¢' - 2D) + 192 sin(¢ + 2D)

165 sin(¢' - 2D) + 148 sin(f - ¢")

125 sin(D) - 109 sin(f +£') - 55 sin(2F - 2D)

+

45
36
24
18

sin(¢ + 2F) + 40 sin({ - 2F) - 38 sin(f - 4D)
sin(30) - 31 sin(20 - 4D) + 28 sin(¢ - {' - 2D)
sin(¢' + 2D) + 19 sin(f - D)

sin(f' + D)] /206265
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%

¢

[18520 sin(S) {1 - .00293 sin (1.403808

.0009242203T)} - 31 sin(F - { - 2D)

25 sin(F - 20) - 23 sin(¢' + F - 2D)

+

21 sin(F - £) - 526 sin(F - 2D)

-+

44 sin(g + F - 2D)] /206265

cos ¢ cos A
cos ¢ sin A cos € — sin ¢ sin €

cos ¢ sin A sin € + sin ¢ cos €

a (1- ef) /(1 + e cost)
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